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Abstract 

Currently,  the  measures  of  performance  used  by  the  Mili¬ 
tary  Airlift  Command,  in  particular  departure  reliability, 
emphasize  activities.  In  so  doing  the  productivity  of  the 
MAC  airlift  system  is  overlooked.  A  factorial  design  experi¬ 
ment  was  conducted  with  a  simulation  model  of  a  portion  of 
the  MAC  airlift  system.  Results  from  this  experiment  indi¬ 
cate  that  an  activity  index  like  departure  reliability  does 
not  track  system  output,  and,  consequently,  should  not  be  re¬ 
garded  as  a  measure  of  system  productivity.  A  set  of  pro¬ 
ductivity  ratio  indices  was  computed  using  the  model  input/ 
output  data  from  the  system  simulation.  By  emphasizing  the 
relationship  between  output  and  input  these  ratio  indices 
highlight  system  productivity  and  enable  the  MAC  Commander 
or  the  airlift  managers  to  make  appropriate  decisions  regard¬ 
ing  system  productivity.  In  addition,  productivity  ratio 
measures  have  the  potential  for  improving  contingency  plan¬ 
ning  by  providing  planners  the  ability  to  relate  required 
output  capacity  to  needed  input  resources,  and  also  to  deter¬ 
mine  output  capacities  constrained  by  input  resources. 


AN  INVESTIGATION  OF  PRODUCTIVITY  MEASURES 


FOR  THE  PEACETIME  MAC  AIRLIFT  SYSTEM 
USING  SYSTEM  SIMULATION 

I  Introduction 


The  mission  of  the  Military  Airlift  Command  (MAC) , 
broadly  stated,  is  to  develop  and  maintain  "in  a  constant 
state  of  readiness"  an  airlift  system  capable  of  responding 
expeditiously  to  any  contingency  airlift  requirement,  but 
especially  strategic  mobility.  (Ref  1:1)  To  accomplish  this, 
MAC  operates  a  fleet  of  jet  transport  aircraft  including  70 
wide-bodied  C-5s  whose  theoretical  maximum  capacity  is  some 
100  tons  and  practical  capacity  50  tons,  and  234  C-l4ls, 
whose  maximum  capacity  is  some  30  tons.  MAC  also  maintains 
a  network  of  aerial  ports  and  support  bases  throughout  the 
United  States,  Europe  and  the  Pacific.  MAC  is  "manned  at  a 
level  and  exercised  at  an  appropriate  peacetime  flying  rate 
to  insure  the  success  of  (this)  airlift  system.  The  peace¬ 
time  use  of  the  airlift  system  creates  a  by-product  of  airlift 
that  is  applied  to  satisfy  (the  Department  of  Defense  (DOD)) 
airlift  requirements."  (Ref  2:1) 

The  term  "by  product"  stresses  that  routine  peacetime 
airlift  is  not  the  principal  mission  of  MAC.  Rather,  because 
a  certain  amount  of  flying  must  be  done  to  maintain  crew  pro¬ 
ficiency  as  well  as  to  exercise  the  maintenance  and  aerial 


port  capacities  of  the  system,  the  airlift  capability  pro¬ 
duced  is  incidental. 

While  this  peacetime  "by-product"  airlift  is  incidental 
to  training,  in  the  strictest  sense,  it  is  a  valuable  and 
needed  service  made  available  to  DOD  users  either  through  di¬ 
rect  funding  as  for  Joint  Chiefs  of  Staff  (JCS)  sponsored 
exercises  and  Joint  Airborne  and  Air  Transportabili ty  Train¬ 
ing  (JA/ATT)  pr  through  the  Airlift  Service  Industrial  Fund 
(ASIF) ,  in  broad  service  type  groups  or  accounts:  1)  the 
Special  Assignment  Airlift  Mission  (SAAM) ,  and  2)  Channel 
Traffic.  The  SAAM  account  provides  for  unique  mission  re¬ 
quirements  or  unusual  airlift  support  needs,  whereas,  the 
Channel  mission  provides  recurring  support  for  overseas  lo¬ 
gistics  functions  and  DOD  installations. 


TABLE  1-1 

MAC  Channel  Military  Capability  and  Utilization 
(Ton-Miles  in  Millions)  (Ref  16:1) 


Ton-Mile  Actual 
Capability  Ton-Mile 


Capability 

Utilization 


1976 
1977T 

1977 

1978 

1979 

(Projected) 


8 53.6 

802.3 
1680.0 

418.4 
1916.6 
1763.0 
1742.4 


Requirement 


1056.1 

967.5 

92 1.4 

196.5 

788.6 
778.2 
778.0 


While  even  peacetime  aircraft  utilization  rates  produce 
significant  airlift  capability  this  capability  is  not  entire¬ 
ly  productive.  Table  1-1  lists  ton-mile  capabilities  and 
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actual  ton-mile  requirements  for  Fiscal  Years  197^  through 
1978  with  budget  projections  for  1979*  These  capability  fig¬ 
ures  represent  what  the  airlift  (force)  fleet  engaged  in  the 
Channel  airlift  mission  could  have  transported  if  fully  uti¬ 
lized.  The  actual  requirements  are  what  was  actually  trans¬ 
ported  for  various  DOD  users.  Note  that  these  figures  do 
not  include  SAAM,  JAAT  or  Aeromedical  Evacuations  since  these 
three  mission  areas  are  managed  differently  than  the  Channel 
mission.  While  the  MAC  airlift  system  is  primarily  poised  in 
readiness  for  contingency  airlift  support  the  system  does 
provide  a  valuable  commodity.  Furthermore,  when  this  airlift 
commodity  is  not  available  to  DOD  customers  they  must  turn  to 
other  transportation  sources,  even  commercial  air  transport, 
to  meet  their  needs.  It  is  conceivable  that  a  marginal  im¬ 
provement  in  MAC  airlift  system  productivity  would  attract 
more  DOD  cargo  in  turn  improving  ASIF  returns.  Airlift  ton- 
miles  represent  only  a  small  portion  of  total  DOD  transpor¬ 
tation  requirements.  Thus  by  making  a  larger  portion  of  DOD 
cargo  available  for  air  transportation  utilization  of  MAC 
capacity  would  not  necessarily  threaten  commercial  cargo  con¬ 
tracts.  There  are  many  reasons  why  MAC  peacetime  airlift 
capacity  is  not  more  fully  utilized  and  why  the  ASIF  is  often 
in  deficit,  however,  at  least  part  of  the  reason  is  that  the 
productivity  of  the  airlift  system  is  not  being  totally  har¬ 
nessed. 

At  the  present  time  system  performance  is  measured  by 
departure  reliability  primarily  and  by  cargo  age  secondarily. 
Departure  reliability  is  an  indication  of  how  well  the  indi- 


vidual  flying  units  are  at  meeting  flying  schedules.  The 
departure  reliability  index  is  computed  as  the  ratio  of  suc¬ 
cessful  on  time  departures  (that  is,  departures  within  some 
interval  defined  about  the  scheduled  mission  take-off  time) 
to  the  number  of  scheduled  departures.  The  cargo  age  is  a 
measure  of  how  long  cargo  items  remain  in  some  portion  of  the 
MAC  airlift  system.  The  system-wide  cargo  age  or  "pipeline" 
time  is  measured  from  the  time  an  item  is  consigned  to  MAC 
for  delivery  until  the  time  that  the  user  actually  takes  de¬ 
livery  of  the  item  at  the  destination  port.  (Ref  21:  i  ;  Ref 
22:  3)  From  the  unit  commander's  point  of  view  the  departure 
reliability  index  measures  how  well  the  unit  is  able  to  mar¬ 
shall  its  resources  to  successfully  execute  a  flying  sche¬ 
dule.  This  reliability  index  lends  itself  to  the  way  pre-mis¬ 
sion  activities  follow  one  another  from  aircraft  generation, 
to  fueling  and  cargo  loading,  aircrew  preflight  and  actual 
mission  departure.  Generally,  late  departures  are  further 
identified  by  assigning  responsibility  for  the  late  departure 
to  one  of  the  major  unit  functional  areas,  specifically,  Op¬ 
erations,  Maintenance,  Transportation  or  other  support  area. 
The  local  unit's  cargo  age,  or  "port  hold"  time  includes 
port  processing  time  and  awaiting  transportation  time.  The 
local  port  hold  time  is  a  representation  of  how  fast  cargo 
goes  through  the  local  port  "system". 

There  are  perceptions  that  these  measures  do  not  portray 
the  whole  system  productivity/performance  picture.  Firstly, 
departure  reliability  measures  an  activity  only — that  of  de¬ 
parting  on  time.  This  measure  does  not  capture  the  impact 


on  other  system  components.  Secondly,  there  may  be  an  actual 
conflict  between  measuring  and  emphasizing  on-time  departures 
on  one  hand  and  trying  to  improve  total  system  productivity 
on  the  other.  Thirdly,  this  departure  reliability  index  and 
even  port  hold  times  are  not  used  by  the  airlift  managers 
and  schedulers  to  allocate  airlift  support  but  rather  port 
level  measures  and  user  established  frequency  levels.  (Ref 
14*8)  What  is  needed  then  is  some  manner  of  gauging  the  air¬ 
lift  system's  condition  as  well  as  response  to  specific  ma¬ 
nagement  actions  and  decisions. 

This  thesis  proposes  to  consider  and  develop  an  approach 
to  the  measure  of  performance  for  the  peacetime  airlift  force. 
Since,  as  stated  above,  the  mission  of  MAC  is  to  prepare  and 
be  ready  to  provide  contingency  airlift  support,  the  primary 
measure  of  performance  for  MAC  is  whether  this  goal  of  readi¬ 
ness  and  responsiveness  is  being  met.  This  is  largely  a 
judgemental  question  based  on  the  commander's  assessment.  Ra¬ 
ther  than  attempt  to  address  this  overwhelming  question  this 
thesis  aims  at  illuminating  a  more  day-to-day  problem  en¬ 
countered  by  airlift  managers  and  unit  commanders,  that  of 
measuring  the  productivity  of  peacetime  airlift.  The  idea 
being  that  if  productivity  can  be  measured  and  the  relevant 
factors  can  be  understood,  then  the  Commander  of  MAC  can  man¬ 
age  the  system  to  enhance  its  productivity.  A  further  limi¬ 
tation  on  the  scope  of  the  study  is  that  only  Channel  mission 
productivity  is  investigated  here.  The  Channel  mission  is 
the  most  open-ended  of  the  three  ASIF  accounts.  With  both 
the  JA/ATT  and  the  SAAM  accounts  the  users  contract  and  pay 
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for  a  dedicated  capability,  whereas  reimbursement  for  Channel 
mission  support  is  only  for  the  actual  capability  used.  Con¬ 
sequently,  there  is  more  room  for  productivity  management  in 
the  area  of  Channel  mission  support.  It  is  with  these  limi¬ 
tations,  then,  that  this  study  is  undertaken. 


Methodology  and  Research  Design 

This  study  consisted  of  two  separate  phases.  The  first 
phase,  or  literature  search,  delved  into  the  background  of 
the  problem  itself  and  attempted  to  answer  a  number  of  ques¬ 
tions*  Why  is  the  measure  of  productivity  a  problem  in  MAC? 
What  has  been  done  to  measure  MAC  system  productivity?  What 
ideas  have  been  developed  concerning  productivity  in  general 
and  productivity  measurement  in  particular?  The  results  of 
this  literature  search  are  presented  in  Chapter  II — System 
Productivity. 

The  second  phase  of  this  study  consisted  of  system  si¬ 
mulation  experiments.  The  research  design  for  these  experi¬ 
ments  consisted  of  answering  the  questions*  What  is  going 
to  be  measured?  How  is  it  going  to  be  measured?  From  Beer 
(Ref  7)  we  find  that  one  way  to  establish  system  controls  is 
to  determine  the  factors  that  affect  productivity  most. 

Shannon  explains  that  "Most  systems  operate  according  to  the 
Pareto  principle,  that  in  terms  of  performance  and  effective¬ 
ness  there  are  a  few  significant  factors  and  many  insignifi¬ 
cant  ones.  In  fact,  the  rule  of  thumb  is  that  in  most  systems 
20#  of  the  factors  will  account  for  80#  of  the  performance, 
whereas  the  other  80#  of  the  factors  contribute  the  remain- 


ing  20#  of  the  performance.  Our  problem  is  to  decide  which  are 
the  significant  few.”  (Ref  40i153-154) 

In  line  with  this  then  a  computer  simulation  model  of 
the  airlift  system  was  defined  and  developed  using  Q-GERT 
techniques  and  computer  codes.  In  his  work  on  productivity 
(discussed  in  Chapter  II)  Paul  Mali  asserts  that  productivi¬ 
ty  is  a  relationship  between  system  input  and  system  output. 
Consequently,  the  model  was  designed  with  a  view  to  relating 
particular  system  output  levels  of  ton-miles,  "pipeline"  time, 
and  departure  reliability  to  system  inputs  such  as  flying 
hours,  maintenance  and  port  man  hours  and  fuel.  This  effort 
is  detailed  in  Chapter  III — System  Structural  Model.  To 
determine  the  significant  factors  and  significant  interactions 
a  number  of  experiments  were  conducted  consisting  of  operat¬ 
ing  the  model  with  different  combinations  of  factor  levels. 

The  particular  experiments  conducted  are  described  in  Chapter 
IV — Experimental  Design.  The  results  of  each  experiment  were 
then  analyzed  for  factor  significance  and  interaction  signi¬ 
ficance.  The  analytical  techniques  are  described  in  Chapter 
IV,  and  the  results  are  discussed  in  Chapter  V — Experimental 
Results. 

Thesis  Report  Organization 

This  report  is  organized  as  such.  Chapter  I — Introduc¬ 
tion  discusses  the  problem  under  study  and  the  method  em¬ 
ployed  to  study  it.  Chapter  II — System  Productivity  presents 
background  material  on  the  problem  as  well  as  on  possible  so¬ 
lutions.  Chapter  III — System  Structural  Model  describes  the 
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airlift  system  computer  simulation  model  used,  how  it  was  de¬ 
veloped,  the  system  assumptions  made,  the  parameters  used  and 
the  language  employed.  Chapter  IV — Experimental  Design  dis¬ 
cusses  the  experiments  that  were  conducted  using  the  system 
simulation  model  as  well  .as  the  approach  used  to  analyze  the 
results.  Chapter  V — Experimental  Results  presents  the  re¬ 
sults  and  analysis  of  the  experiments  described  in  Chapter 
IV.  Finally,  Chapter  VI — Conclusions  and  Recommendations 
lists  a  number  of  conclusions  derived  from  the  observations 
in  Chapter  V,  some  recommendations  for  applications  of  the 
productivity  measures  described,  and  some  recommendations 
for  further  study. 
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II  System  Productivit: 


Productivity  is  a  concept  that  can  have  many  different 
meanings.  Basically,  productivity  is  defined  ass  "The  ef¬ 
ficiency  with  which  economic  resources  (men,  materials  and 
machines)  are  employed  to  produce  goods  and  services."  (Ref 
46 032)  That  is,  productivity  is  not  merely  production  but 
production  and  resource  consumption  taken  together.  Two  men 
are  tasked  to  haul  certain  items  on  foot,  one  man  is  equipped 
with  a  shopping  bag,  the  other  with  a  wheelbarrow  with  a  ca¬ 
pacity  of  one-half  cubic  yard.  If  the  task  is  to  haul  a 
couple  loaves  of  bread  the  shopping  bag  is  well  suited  and  ac¬ 
tually  more  efficient  than  the  wheelbarrow.  Both  men  are  al¬ 
so  capable  of  hauling  a  given  amount  of  dirt,  but  the  man 
with  the  wheelbarrow  in  hauling  more  than  the  gentleman  with 
the  shopping  bag  with  essentially  the  same  effort  is  being 
more  productive.  Now  the  man  with  the  shopping  bag  could 
conceivably  pile  one-half  yard  of  sand  into,  and  out  of,  his 
shopping  bag  and  try  dragging  it,  but  then  the  spillage  and 
destruction  to  the  bag  would  detract  from  his  overall  effect¬ 
iveness.  Consequently,  then,  productivity  is  related  both 
to  efficiency,  as  well  as,  effectiveness.  In  more  complex 
situations  involving  many  people,  an  extensive  inventory  of 
equipment  and  supplies,  and  a  large  budget  productivity  in¬ 
volves  many  kinds  of  inputs  and  many  kinds  of  outputs. 

These  inputs  and  outputs  depend  on  an  extensive  set  of  in¬ 
terrelationships.  Clearly,  in  such  situations  and  organiza¬ 
tions  productivity  is  a  system  phenomenon.  The  parts  inter- 
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act  to  produce  and  this  interaction  must  he  exploited  to  in¬ 
crease  output  while  maintaining  control  over  inputs.  Dis¬ 
cussed  in  this  chapter  are  the  idea  of  a  system,  what  it  is 
and  how  MAC  airlift  is  a  system.  Also  covered  is  producti¬ 
vity  in  general,  and  system  productivity  in  particular. 

System  Concent 

The  concept  of  a  system  can  have  many  different  mani¬ 
festations.  To  some  it  is  an  array  of  mechanical  or  electron¬ 
ic  components  which  has  a  well-defined  function  and  observ¬ 
able  process.  To  others  "system"  denotes  a  biological  enti¬ 
ty,  which  has  unique  powers  of  growth  and  reproduction.  Still 
others  perceive  "system"  as  a  mere  interplay  between  concep¬ 
tual  entities  as  a  system  of  equations.  These  examples  of 
"system"  Tinders tanding  bespeak  more  an  analytical  framework 
than  a  truly  "system"  framework.  Current  thinking  on  "sys¬ 
tem"  as  exemplified  by  the  General  System  Theory  (GST)  can 
trace  its  origins  to  a  biological/organismic  outlook.  Ber- 
talanffy,  an  early  developer  of  GST,  propounded  that  "In  con¬ 
trast  to  physical  phenomena,  like  gravity  and  electricity  the 
phenomena  of  life  are  found  only  in  individual  entities  call¬ 
ed  organisms.  Any  organism  is  a  system,  that  is,  a  dynamic 
order  of  parts  and  processes  standing  in  mutual  interaction. " 
(Ref  39*9) 

Furthermore,  systems  manifest  certain  characteristics 
(Ref  39*13-1*0  * 

1)  interrelationships  and  interdependence  of  objects, 
attributes  and  events. 


2)  Holism,  that  is,  the  system  is  a  unit  rather  than  a 


mere  assemblage  of  constituent  parts. 

3)  goal-seeking — the  interaction  of  parts  leads  to  a 
final  result. 

4)  inputs  and  outputs — systems  depend  on  inputs  to  ge¬ 
nerate  the  activity  that  results  in  goal  attainment. 
Furthermore ,  all  systems  produce  some  kind  of  output. 

5)  transformation — all  systems  transform  inputs  into  out¬ 

puts  in  some  way. 

6)  entropy  or  thermodynamic  disorder — this  is  a  patho¬ 
logic  characteristic  of  a  rundown  system  as  brought 
about  by  lack  of  input,  information  or  formal  organ¬ 
ization. 

7)  regulation — interacting  components  of  a  system  must 
be  regulated  in  some  fashion  to  insure  goal  attain¬ 
ment — this  regulation  includes  the  establishment  of 
objectives,  norms,  plans  and  systems  of  control. 

8)  hierarchy — systems  are  generally  comprised  of  several 
smaller  sub-systems. 

9)  differentiation — specialized  units  in  complex  systems 
perform  specialized  functions. 

10)  equifinality — in  open  systems  a  particular  final  state 
can  be  attained  from  different  starting  points  and  by 
different  paths. 

In  general  then  the  main  thrust  of  the  systems  outlook 
is  that  systems,  and  in  particular  organizations,  are  viable 
because  of  the  characteristics  outlined  above.  To  effect¬ 
ively  control  an  organization,  then,  these  system  character¬ 
istics  must  be  considered  and  taken  advantage  of,  not  ignored 
and  circumvented. 


The  MAC  Airlift  System 

How,  then,  is  the  MAC  airlift  system  a  system?  The  MAC 
airlift  system  can  be  depicted  in  a  number  of  schematic  fash¬ 
ions.  Figure  2-1  represents  the  MAC  airlift  system,  at  a  very 
macro-level,  as  comprising  of  inputs,  activities  and  services 


peculiar  to  MAC,  and  outputs.  The  dotted  line  serves  as  a 
boundary  indicator  between  the  airlift  system  over  which  MAC 
exerts  direct  control  and  the  environment  over  which  direct 
control,  as  opposed  to  mere  influence,  is  minimal.  Note  that 


Fig  2-1  Input-Output  Model  of  MAC  Airlift  System 

a  portion  of  the  input  and  output  blocks  are  depicted  as  part 
of  the  environment,  this  suggests  interfaces  with  other  sys¬ 
tems,  users,  logistics,  transportation,  and  so  forth.  The 
input  block  to  the  MAC  system  consists  of,  but  is  not  limi¬ 
ted  to,  readiness  training  requirements  and  goals,  user  air¬ 
lift  requirements,  and  the  funds  to  accomplish  these.  The 
MAC  airlift  system  contained  within  the  borders  consists  of 
the  personnel,  capital  equipment,  supplies,  funds,  and  or¬ 
ganization  needed  to  convert  the  inputs  into  desired  outputs, 
thereby  attaining  its  goal.  The  peculiar  processes  by  which 
the  MAC  airlift  system  converts  inputs  into  outputs  includes 
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flying  aircraft,  repairing  and  maintaining  aircraft,  operat¬ 
ing  an  aerial  port.  The  outputs  of  the  MAC  airlift  system 
consist  of  a  state  of  readiness,  determined  by  both  the  a- 
vailability  and  sustainability  of  airlift  forces,  and  cargo 
tonnages  and  passengers  moved  in  response  to  specific  user 
requirements . 

Figure  2-2  is  an  attempt  to  depict  the  airlift  system, 
in  particular  the  area  within  the  borders  of  figure  2-1,  with 
a  causal  loop  diagram,  as  consisting  of  discrete  components 
and  activities  interconnected  and  interrelated  by  flows  (ar¬ 
rows)  of  material  funds,  personnel,  requirements,  information 
and  so  on.  In  general,  a  positive  sign  (+)  indicates  a  di¬ 
rect  correspondence  between  the  two  connected  components, 
that  is,  an  increase  in  one  results  in  an  increase  in  the 
other.  Conversely,  a  negative  sign  (-)  indicates  an  inverse 
relationship,  an  increase  in  one  resulting  in  a  decrease  in 
the  other. 

Referring  to  Figure  2-2 s  The  airlift  system  is  set  in 
motion  by  the  requirement  for  readiness  which  generates  fly¬ 
ing  training  requirements.  Airlift  capacity  generated  by 
this  training  is  programmed  through  ASIF  at  scheduling/pro- 
gramming  which  balances  and  coordinates  training  requirements 
and  user  airlift  needs.  Operations  and  logistics  are  related 
through  the  flying  hour  program.  This  program  is  an  allot¬ 
ment  of  flying  hours,  actually  the  wherewithal  to  accomplish 
a  specified  number  of  flying  hours  including  crew  salaries, 
maintenance  facilities  and  personnel,  port  facilities  and 
manning,  and  the  organization  with  which  MAC  must  accomplish 
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Figure  2-2  Causal  Loop  Diagram  of  Peacetime  MAC  Airlift  System 


its  mission.  When  the  scheduling  operation  schedules  a  mis¬ 
sion,  a  demand  is  made  on  transportation,  logistics,  and  on 
operations.  As  mission  demands  are  made  in  each  of  these 
functional  areas  as  the  sorties  actually  depart  there  is  mar¬ 
ginally  less  capability  to  meet  further  demands.  Demands 
must  balance  with  capabilites.  As  the  sorties  actually  de¬ 
part  and  the  missions  operate,  costs  in  terms  of  fuel,  crew 
per  diem,  and  labor . man-hours  are  accrued.  As  cargo  is  moved 
ASIF  revenues  are  generated  to  offset  costs.  Periodically 
ASIF  revenues  and  expenses  must  be  reviewed  to  set  appropriate 
tariff  rates.  Excessively  high  tariffs  act  as  disincentives 
to  customers.  As  missions  are  completed  training  is  accomp¬ 
lished  which  decreases  the  total  training  requirements.  The 
only  completely  exogenous  element  is  the  readiness  require¬ 
ment.  Training  and  user  airlift  requirements  are  partly  con¬ 
ditioned  by  the  system  output.  For  the  most  part,  then,  the 
system  establishes  its  performance  levels.  As  various  parts 
of  the  system  are  "speeded"  up  the  other  parts  of  the  system 
must  respond.  When  there  is  a  lag  or  discrepancy  in  some 
part  of  the  system  the  entire  output  is  affected.  Producti¬ 
vity  is  related  to  how  well  the  interaction  is  managed  and 
exploited.  The  existence  of  a  tariff  structure  relating  only 
to  costs  and  revenues  with  no  feedback  for  improved  controls 
and  management  can  drive  this  system  to  even  less  producti¬ 
vity.  That  is  less  ton-mile  or  poorer  pipeline  performance 
at  the  same  level  of  input. 

Table  2-1  tabulates  several  examples  from  the  MAC  air¬ 
lift  system  of  each  of  the  systems  characteristics. 


TABLE  2-1 


Examples  of  Systems  Characteristics 
in  MAC  Airlift  System 


GST  Systems 
Characteristics 

Examples  from  MAC 
Airlift  System 

1. 

Interrelationship 
and  Interdependence 
of  Components 

MAC  organization,  com¬ 
mand  and  control 

2. 

Holism 

MAC  single  manager 
of  airlift  resources 

3. 

Goal-seeking 

Readiness,  User  Satis¬ 
faction 

4. 

Inputs  and  Outputs 

AFM  2-21,  AFM  3-21, 

AFR  23-17,  DOD  airlift 
r  equir  em  en  ts/ readiness, 
ton— miles  cargo ,  pas¬ 
senger-miles,  user  sa¬ 
tisfaction,  ASIF  reve¬ 
nues 

5. 

Transformation 

Cargo  and  passengers 
are  moved  from  one 
place  to  another 

6. 

Entropy 

Decrease  in  user  de¬ 
mand  due  to  high  tar¬ 
iffs,  budget  cutback, 
organizational  break¬ 
down. 

7. 

Regulation 

UMMIPS  standards.  MAC 
and  AF  series  regula¬ 
tions  governing  every 
aspect  of  MAC  activity 

8. 

Hierarchy 

MAJCOM  headquarters, 
Numbered  Air  Force, 
chain  of  command 

9. 

Differentiation 

functional  areas,  o- 
perations,  transpor- 
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Productivity 

As  delineated  above  every  system  in  general  and  the  MAC 
airlift  system  in  particular,  is  characterized  by  among  other 
things,  a  transformation  of  inputs  into  outpuls  and  and  by 
goal-seeking  behavior.  Corporate  manufacturing  systems  em¬ 
ploy  manufacturing  processes  to  transform  inputs  of  raw  ma¬ 
terials  into  outputs  of  usable  goods  so  as  to  meet  a  goal  of 
customer  satisfaction  and  profit  generation.  At  some  points 
in  its  development  an  organization  becomes  concerned  with  in¬ 
creasing  its  output  and  thus  goal  satisfaction  while  lowering 
resource  consumption  and  utilization.  What  is  being  sought 
in  this  endeavor  is  higher  productivity. 

Paul  Mali  has  written  an  excellent  book  on  the  subject 
of  productivity  (Ref  26)  and  in  particular  on  the  subject  of 
managing  productivity.  He  describes  current  productivity  at 
large  as  being  in  a  state  of  crisis  and  that  the  productivity 
management  environment  itself  has  changed  considerably  be¬ 
cause  of  a  change  in  human  expectations,  technology,  and  ac- 
countabili ty. 

In  his  investigations  Mali  has  identified  some  twelve 
causes  for  the  current  productivity  crisis,  however,  the  num¬ 
ber  one  cause  he  cites  is  the  "shocking  wastes  of  resources 
result (ing)  from  (an)  inability  to  measure  evaluate,  and  man¬ 
age  the  productivity  of  a  growing  white-collar  force."  (Ref 
26«25)  The  other  eleven  causes  deal  with  the  gamut  of  human 
motivational  problems,  government  intrusion  and  overregulation, 
and  the  rapid  obsolescence  of  skills  and  practice  brought 
about  by  technological  change.  Table  2-2  summarizes  these 
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TABLE  2-2  Causes  and  Effects  of  the  Productivity  Crisis  (Ref  26«26) 


Accelerating  knowledge  Information  Makes  practices  outdated  Obsolescence  of  skills 


twelve  causes. 

Fortunately,  Mali  perceives  a  solution  to  the  problems. 
He  asserts  that  the  productivity  crisis  can  be  resolved  by 
the  development  of  a  productivity  management  ethic  and  disci¬ 
pline,  which  he  describes  in  three  parts*  1)  a  basic  concept¬ 
ual  framework  of  organizations!  productivity,  2)  productivity 
as  a  synergistic  or  system-process,  3)  10  principles  of  de¬ 


veloping  the  productivity  discipline. 


Figure  2-3  The  Productivity  Process  (Ref  26:40) 


In  his  conceptual  framework  of  productivity  Mali  asserts 
that  productivity  is  attained  by  taking  action  to  achieve  it: 
"Productivity  in  an  organization  is  a  managed  process  that  i- 
dentifies  and  relates  all  the  events  and  activities  necessary 
to  accomplish  productivity  objectives.  It  deliberately  seeks 
an  efficient  way  to  transform  or  convert  resources  into  re¬ 
sults."  (Ref  26:45)  This  process  is  illustrated  in  Figure 
2-3.  Note  that  this  diagram  is  effectively  an  enhancement  of 
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•the  first  diagram  of  the  MAG  airlift  system  in  Figure  2-1  to 
which  planning  and  measuring  functions  have  been  added.  From 
the  diagram  the  process  starts  with  a  mission  statement  or 
objective  definition.  This  action  then  leads  to  a  master 
plan  for  operating  the  organization  and  to  identification  of 
inputs  to  the  system.  Planning  delineates  where  the  resources 
come  from,  how  they  are  transformed  by  the  organization  and 
what  form  the  output  will  take.  The  measurement  cycle  is  an 
integral  part  of  the  system  and  acts  as  a  feedback  loop. 

An  important  aspect  of  productivity,  according  to  Mali, 
is  that  it  is  synergistic,  that  is,  systemic.  By  synergism 
is  meant  the  phenomenon  that  occurs  when  the  well-ordered  com¬ 
ponents  of  a  system  produce  a  result  that  is  more  than  the 
mere  assembly  of  the  parts.  Furthermore  the  organization  of 
the  system  provides  an  infrastructure  which  enables  the  sys¬ 
tem  to  accomplish  and  produce  at  a  level  not  possible  by  any 
one  component  or  mere  combination  of  components.  Consequent¬ 
ly,  then  the  productivity  that  a  system  strives  for  must  con¬ 
sider  this  synergism.  Why?  "Unused  capacity,  stored  potential 
or  low  level  of  effectiveness  are  released  or  greatly  enhanced 
when  the  parts  or  factors  of  the  synergistic  phenomena  are 
made  to  work  well.”  (Ref  26 » 5^)  Mali  has  identified  some 
thirty  factors  at  four  different  levels  of  directness  which 
affect  productivity.  Table  2-3  summarizes  these  findings. 

The  way  these  factors  interact  and  impact  may  vary  from 
organization  to  organization.  Furthermore,  changes  in  factors 
at  lower  levels  affect  productivity  by  altering  factors  at 
levels  just  above  them;  and  so  on.  Operating  something  like 
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TABLE  2-3 

Levels  of  Factors  Effecting  Productivity  (Ref  26 t 5^) 


Level 

Effect  on 

Productivity 

4 

Most 

Direct 

Effectiveness  and  effi- 

t 

ciency 

3 

skills,  motivation,  me¬ 
thods,  costs 

leadership,  experience, 
climate ,  incentives , 

2 

schedules,  organization¬ 
al  structure,  technolo¬ 
gy  and  materials 

abilities,  style,  train¬ 
ing,  knowledge,  physi¬ 
cal  conditions,  unions, 

'I 

V 

social  awareness,  as- 

1 

Least  Direct 

piration  levels,  pro- 

cesses,  job  design, 
goals,  policies,  R&D, 
plant  and  equipment, 

standards  and  quality. 

the  wheels  of  an  odometer. 

Finally,  Mali  rounds  out  his  plan  for  developing  the 

"productivity  discipline"  by  describing  his  "principles  of 

productivity  growth"  (Ref  26i 62-73)*  Of  particular  interest 

and  applicability  to  the  MAC  airlift  system  ares 

— principle  of  ratio  time  measurement. 

— principle  of  expectancy  alignment. 

— principle  of  worker  accountability. 

— principle  of  focus. 

— principle  of  continuance. 

— principle  of  resource  priority. 

The  principle  of  ratio  time  measurement  states  that 
"Productivity  is  more  likely  to  improve  when  expected  results 
are  measured  and  made  greater  in  the  same  time  frame  that  ex¬ 
pected  resources  are  measured  and  made  less."  (Ref  26:62) 
Measurement  here  is  the  key.  Mali  asserts  that  if  a 
phenomena  can  be  measured  it  can,  also  be  controlled  and 
manipulated.  No  goal  of  productivity  management  is  to  in¬ 
crease  output  with  a  decrease  in  input.  If  productivity  is 
expressed  as  a  ratio  of  output  to  input  then  productivity  in¬ 
creases  it  output  increases  and  input  decreases,  stays  level, 
or  even  increases  but  at  a  lower  rate.  Productivity  still 
increases  if  total  output  decreases  where  input  also  decreas¬ 
es  but  at  a  higher  rate. 

Mali's  principle  of  expectancy  alignment  asserts  that 
"the  greater  the  alignment  of  employee  expectancies  (needs) 
with  organizational  objectives  (targets),  the  greater  the  mo¬ 
tivation  to  accomplish  both."  (Ref  26:65)  Along  the  same 
vein  the  principle  of  worker  accountability  states  that  "ac¬ 
countability  for  productivity  is  more  likely  to  happen  when 


employees  understand,  participate  in,  and  are  held  responsible 
for  productivity  objectives,  measurements,  and  evaluation." 
(Ref  26s 65)  At  the  very  bottom  of  any  effort  to  change  an 
organization  consideration  must  be  given  to  the  people  in¬ 
volved.  These  persons  are  often  viewed  as  the  obstacles  to 
ultimate  productivity  when  in  fact  they  are  the  most  flexible 
and  promising  resource  an  organization  has.  Productivity 
management  should  hinge  on  personnel  involvement  and  com¬ 
mitment. 

The  principle  of  focus  is  that  "the  greater  the  focus 
toward  productivity  objectives  on  a  time  scale,  the  greater 
the  likelihood  of  achieving  these  objectives.”  (Ref  26s66). 
The  stunning  accomplishments  of  the  Manhattan  Project  and  of 
the  manned  space  program  came  about  because  of  this  principle. 
Lately,  public  concern  over  energy  shortages  and  prices  has 
led  to  a  concerted  investigation  of  options  to  conserve  ener¬ 
gy,  to  tap  alternate  energy  sources,  and  to  alter  our  con¬ 
sciousness  of  energy  problems.  Similarly,  when  productivity 
becomes  the  "only  game  in  town"  interest  and  creative  solu¬ 
tions  inevitably  follow. 

The  principle  of  continuance  states  that  "productivity 
tends  to  continue  when  achieving  an  objective  does  not  inca¬ 
pacitate  or  destroy  any  of  the  factors  which  produced  it." 

(Ref  26«70).  Fundamental  to  Mali's  development  of  productiv¬ 
ity  is  its  systemic  nature.  Because  of  the  interconnection 
and  interdependence  of  the  elements  of  a  viable  system  it  is 
impossible  to  modify  one  part  of  the  system  without  also  af¬ 
fecting  the  rest  of  the  system.  If  system  productivity  is 
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based  upon  a  selective  process  of  drawing  down  and  building 
up  the  components  of  a  system  then  the  continued  productivity 
of  the  system  cannot  be  assured.  At  some  point  entropy,  ther¬ 
modynamic  disorder,  will  bring  the  system  to  a  halt. 

Finally,  and  probably  most  importantly  is  the  principle 
of  resource  priority  which  is  that  "productivity  increases 
when  objectives  for  productivity  set  the  priorities  for  re¬ 
source  allocation."  (Ref  26 * 73 ) •  In  every  organization  there 
is  some  resource  that  acts  as  a  constraint  on  the  operation 
so  that  the  resource  must  be  carefully  managed  in  order  to 
optimize  benefits  and  attain  organizational  goals.  How 
these  resources  are  meted  out  to  various  projects  and  object¬ 
ives  should  be  a  measure  of  what  the  expected  or  perceived 
benefit  of  the  objective  is.  Since  an  organization  logically 
pursues  greater  benefits  then  resources  must  be  allocated  to 
produce  this  greatest  benefit.  A  simple  and  straightforward 
measure  of  agreement  between  marginal  benefit  return  of  an 
objective  and  its  resource  allocation  is  the  rank-order  corre¬ 
lation.  (Ref  26»?3) j 


where  p  is  the  rank-order  correlation,  and  d  is  the  difference 
between  the  benefit  priority  of  an  objective  and  its  resource 
allocation  priority,  and  N  is  the  total  number  of  objectives 
considered. 

The  benefit  priority  of  an  objective  may  be  determined 
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by  marginal  analysis  of  an  operation  or  by  consulting  a  pan¬ 
el  of  experts.  Similarly,  the  resource  allocation  priority 
of  an  objective  can  be  determined  by  observing  the  actual 
process  or  by  having  a  panel  assign  a  value.  Observing  a 
value  directly  in  an  actual  operation  or  determining  one 
democratically  or  arbitrarily  depends  on  whether  one  is  eval¬ 
uating  an  ongoing  operation  or  planning  a  future  operation. 

The  other  four  principles  of  productivity  growth  ares 
principle  of  shared  gain,  principle  of  creating  potential 
productivity  and  principle  of  work  justice,  and  finally  the 
principle  of  elasticity.  While  these  four  principles  are  no¬ 
table  in  themselves  they  were  not  deemed  to  have  the  same  di¬ 
rect  applicability  to  the  MAC  airlift  system. 

How  then  do  the  other  principles  apply  to  the  MAC  air¬ 
lift  system?  The  principle  of  ratio  time  measurement  speaks 
of  increasing  output  and  the  same  terms  that  input  is  de¬ 
creased  to  insure  productivity  growth.  It  has  been  the  MAC 
experience,  discussed  briefly  at  the  end  of  this  chapter, that 
productivity  enhancements  dealt  with  either  input  or  output 
at  any  given  time  and  then  only  one  aspect  of  the  input  or 
output.  Consequently,  when  the  results  fell  short  of  expect¬ 
ations  interest  waned.  What  was  overlooked  was  the  synergism 
of  the  productivity  effort.  Various  factors  of  input  and 
output  work  in  concert  to  produce  noticeable  productivity 
gains. 

The  principle  of  expectancy  alignment  and  the  principle 
of  worker  accountability  have  direct  application  to  the  MAC 
airlift  system.  Because  of  the  nature  of  military  service 


personnel  turn-over  is  relatively  high,  resulting  generally 
in  low  experience.  Furthermore,  when  low  morale  is  coupled 
to  this,  productivity  can  be  expected  to  suffer.  Consequent¬ 
ly,  an  enlightened  review  of  personnel  policies  is  important 
not  only  for  the  stability  of  the  military  force  but  also  for 
the  productivity  of  the  military  work  force.  Additionally, 
the  involvement  and  encouragement  of  personnel  participation 
in  productivity  enhancement,  as  through  the  suggestion  pro¬ 
gram,  can  achieve  both  worker  satisfaction  and  increased  sys¬ 
tem  productivity. 

The  principle  of  focus  is  not  new  to  the  airlift  system. 
The  traditional  emphasis  on  departure  reliability  as  a  meas¬ 
ure  of  performance  has  resulted  in  remarkable  efforts  on  the 
part  of  every  functional  area  of  the  airlift  system  to  im¬ 
prove  that  reliability  index.  Consequently,  it  is  to  be  ex¬ 
pected  that  if  a  concerted  and  coordinated  effort  is  made  to 
stress  productivity  enhancement  that  the  results  will  follow. 

The  principle  of  continuance  is  of  particular  importance 
and  applicability  to  the  peacetime  MAC  airlift  system.  It 
has  been  observed  that  with  the  emphasis  on  departure  relia¬ 
bility  a  considerable  effort  is  made  to  improve  the  reliabi¬ 
lity  standing.  At  times  this  effort  has  included  circumvent¬ 
ing  the  actual  operational  process  when  a  problem  arose  to 
insure  that  at  least  the  index  itself  would  not  be  adversely 
affected.  For  example,  last  minute  scheduled  departure 
changes  would  be  made  to  make  up  for  a  maintenance  abort. 
While  such  an  effort  might  be  appropriate  for  a  departure 
reliability  indexed  operation  the  same  effort  would  not  be 


appropriate  in  a  productivity  based  operation.  Productivity 
enhancement  would  demand  that  the  effort  and  resources  be 
allocated  where  the  maximum  productivity  could  be  realized. 

A  short  term  gain  in  the  productivity  index  caused  by  "jug¬ 
gling"  the  operation  could  well  manifest  itself  at  some  other 
point  in  the  system  as  a  net  loss. 

Similarly,  the  principle  of  resource  priority  is  critical 
to  MAC  airlift  system  productivity.  If  one  considers  flying 
hours  as  MAC'S  principal  resource,  being  comprised  of  fuel  al¬ 
locations,  as  well  as  maintenance,  port  and  operations  (crew) 
man-hours,  then  how  these  flying  hours  are  allocated  to  va¬ 
rious  objectives,  missions  in  this  case,  determines  the  net 
productivity  of  the  airlift  system.  While  it  is  true  that 
the  primary  mission  of  MAC  is  to  insure  readiness  to  meet 
contingency  airlift  requirements  and  that  raw-flying  hums 
can  be  translated  into  crew  aging  and  thus  readiness,  DOD 
also  depends  on  the  MAC  airlift  system  to  provide  a  transpor¬ 
tation  service.  Consequently,  when  that  service  capability 
is  not  available  DOD  agencies  contract  other  transportation 
means  to  fulfill  their  requirements.  This  translates  to  pay¬ 
ing  for  the  same  transportation  twice  because  the  airlift 
capability  is  not  available  where  it  is  needed  when  it  is 
needed  for  whatever  reason.  An  airlift  system  oriented  to 
productivity  enhancement  and  improvement  would  seek  out  an 
optimum  or,  at  least  more  satisfying  allocation  of  its  re¬ 
sources. 

If  it  can  be  said  that  Mali's  treatment  of  the  theoret¬ 
ical  basis  of  productivity  and  productivity  improvement  is 


complete  then  his  treatment  of  the  practical  aspects  of  pro¬ 
ductivity  is  even  more  so.  As  has  been  observed  and  iterated 
above  one  of  the  principal  causes  of  the  productivity  crisis 
in  Mali's  view,  has  been  the  inability  to  properly  measure 
productivity.  Therefore,  it  should  not  be  surprising  to 
realize  that  central  to  productivity  improvement  is  measure¬ 
ment  x  "To  be  effective  any  system  of  productivity  requires 
evaluation — evaluation  readily  understood,  simple  to  imple¬ 
ment,  easy  to  administer,  and  clearly  cost  effective.  This 
means  that  the  evaluation  system  must  have  a  basis  of  meas¬ 
urement  that  must  be  agreed  upon  and  designed  into  the  sys¬ 
tem  for  evaluation  to  work."  (Ref  26:78) 

To  be  sure  productivity  measurement  is  not  easy,  as  Mali 
points  out  (Ref  26:79-80).  For  one  thing  simple  measures 
tend  to  oversimplify  the  actual  px-ocesses  and  dynamism  in  a 
system.  A  measure  of  productivity  is  important  not  just  for 
indicating  whether  productivity  has  advanced  or  retreated  but 
also  why.  Furthermore,  if  productivity  has  advanced,  a  good 
measure  should  help  an  organization  capitalize  on  the  process. 
If  a  retreat  in  productivity  has  occurred,  appropriate  measures 
help  to  locate  problem  areas  and  to  reverse  the  situation. 

What  is  needed  then  is  not  a  measure  but  several  measures 
for  different  functional  areas  as  well  as  for  various  levels 
of  management.  Another  problem  described  is  that  measure¬ 
ment  is  generally  appended  to  an  operation  rather  than  incor¬ 
porated  into  the  operations.  Consequently,  such  measures 
offer  excellent  hindsight  if  not  foresight.  Still  another 
difficulty  in  measuring  is  the  all  encompassing  breadth  of 
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productivity  and  objective  descriptions,  such  as  cost-effect¬ 
ive,  responsive,  "lean  and  mean",  high  "teeth  or  tail"  ratio 
and  so  forth.  While  such  expressions  conjure  up  any  number 
of  salutory  images  of  a  system,  in  particular  a  military 
system,  deciding  whether  a  system  has  accomplished  any  of 
this  is  another  matter.  Measures  should  be  unambiguous  and 
unequivocal.  Objectives  and  goals  should  also  be  stated  in 
terms  of  concrete  measures  as  well,  for  example,  a  ton-mile¬ 
age  increase  of  five  percent  this  year,  and  so  on.  Another 
area  that  makes  measuring  productivity  difficult  is  the  ten¬ 
dency  to  focus  in  on  activities  rather  than  results.  Any 
operation  is  comprised  of  several  activities.  Involvement 
with  all  of  these  bogs  a  system  down  in  meaningless  trivia. 

In  many  MAC  offices  piles  of  computer  print-out  detail  a  my¬ 
riad  of  activity  discrepancies  and  problems.  The  more  im¬ 
portant  question  of  what  substantive  effect  these  anomalies 
have  on  overall  output  is  often  overlooked.  A  measure  needs 
to  be  results  oriented.  Finally,  traditional  productivity 
measures  have  tried  to  emphasize  the  highest  levels  of  aggre¬ 
gation,  the  most  macro  of  levels,  rendering  the  measure  quite 
useless  for  lower  organizational  echelons.  Measures,  then, 
should  be  appropriately  scaled  to  the  level  at  which  they 
will  be  used. 

Mali  then  describes  several  forms  that  productivity 
measures  may  take  including  productivity  ratios,  total  fact¬ 
or  productivity  indices,  use  of  management  by  objectives, 
and  the  use  of  productivity  checklists,  and  productivity  aud¬ 
its.  The  ratio  measures  involve  identifying  the  critical 
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outputs  and  inputs  of  a  system  and  computing  the  ratio  of 
outputs  to  inputs.  The  total  factor  productivity  index  can 
be  expressed  either  as  total  output  over  total  input  or  as  a 
total  productivity  link  series,  given  by  (Ref  26 *93)* 

Total  Productivity 

link  series 

where  P  is  the  productivity  of  a  particular  functional  area 
and  R  its  particular  resource  allocation. 

In  other  words,  the  link  series  measure  is  a  linear  com¬ 
bination  of  disparate  productivity  measures  and  is  useful  in 
comparing  index  values  with  a  given  base  value.  The  measure¬ 
ment  of  productivity  using  management  of  objectives  (MBO)  is 
known,  if  not  necessarily  appreciated,  in  the  military  ser¬ 
vices.  At  its  basis  MBO  involves  establishing  concrete  per¬ 
formance  goals  for  each  functional  area  and  each  level  down 
to  each  individual  and  then  observing  how  these  specific  ob¬ 
jectives  are  attained.  The  difficulties  associated  with  de¬ 
fining  precise  benchmarks  for  every  job  probably  result  more 
from  a  lack  of  experience  with  the  method  than  any  other 
factor.  The  use  of  checklists  is  a  well  established  practice 
in  the  Air  Force  particularly  in  flight  operations  and  in  main¬ 
tenance.  The  development  of  checklists  delineating  specific 
actions  and  responsibilities  for  each  position  is  the  basis 
of  this  approach.  The  productivity  audit  is  "a  process  of 
monitoring  and  evaluating  organizational  practices  to  deter¬ 
mine  whether  functional  units,  programs,  and  the  organization 
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itself  are  utilizing  their  resources  effectively  and  efficient¬ 
ly  to  accomplish  objectives.”  (Ref  26*132) 


Up  to  this  point  the  concepts  and  principles  of  systems 
theory  and  productivity  improvement  and  the  manner  in  which 
these  describe  the  MAC  peacetime  airlift  system  have  been  re¬ 
viewed.  Additionally,  the  approach  to  productivity  improve¬ 
ment  as  developed  by  Paul  Mali  was  described  together  with 
its  implication  for  the  MAC  airlift  system.  What  follows  is 
a  discussion  of  the  efforts  and  recommendations  that  have 
actually  been  made  to  measure  and  improve  MAC  peacetime  air¬ 
lift  system  productivity. 

MAC  Airlift  System  Productivity 

The  trend  of  the  MAC  Airlift  System  Productivity  has  been 
the  topic  of  much  discussion  and  study.  This  section  of 
Chapter  II  briefly  discusses  the  productivity  constraints 
encountered  by  MAC  operations  and  reviews  some  of  the  studies 
undertaken  to  improve  MAC  productivity.  As  described  already 
in  Chapter  I  the  airlift  capability  of  the  MAC  airlift  system 
in  ton-miles  is  derived  as  a  by-product  from  MAC  readiness 
training  requirements.  These  requirements,  comprise  the  Fly¬ 
ing  Hour  Program,  and  reflect  the  raw  flying  hours  to  allow 
every  crew  member  to  accomplish  specific  training  events  as 
well  as  to  experience  a  certain  level  of  flying  calculated 
to  age  them.  This  "aging"  process  is  a  critical  factor  in 
the  development  and  training  of  aircrews  to  insure  safe  oper¬ 
ation.  Consequently,  the  flying  hour  requirements  are  es¬ 
tablished  on  more  than  just  the  absolute  minimum  number  of 


hours  needed  to  accomplish  specific  training  events.  The 
productivity  of  the  MAC  airlift  system  hinges  on  the  effect¬ 
iveness  and  efficiency  with  which  these  flying  hours  are 
generated  and  utilized. 

The  management  of  this  flying  hour  generation  at  utili¬ 
zation  cycle  occurs  at  different  levels.  Essentially,  the 
flying  hours  are  generated  at  the  wing  level  while  they  are 
scheduled  or  utilized  at  Major  Command  level.  That  is,  the 
wing  is  responsible  for  transportation  and  logistic  support 
resources  to  "produce"  flying  hours.  The  operations  re¬ 
sources  include  aircrews,  operations  support  staff  personnel. 
The  maintenance  resources  include  maintenance  man-hours  per¬ 
forming  scheduled  and  unscheduled  maintenance  and  scheduled 
periodic  inspections,  equipment  and  tool  resources  and  vehi¬ 
cle  resources.  The  transportation  resources  include  port 
dock  and  warehouse  facilities,  port  man-hours  to  process  car¬ 
go  including  receiving,  documenting,  writing,  marshalling, 
palletizing  and  uploading,  and  vehicle  resources  including 
463L  Material  Handling  Equipment  (MHE)  utility  vehicles,  and 
associated  maintenance  and  POL  costs.  The  logistic  support 
resources  include  capital  equipment  including  the  aircraft 
themselves,  supply  stockage,  and  supply  man-hours  to  manage 
and  operate  the  supply  system  including  receiving,  inspecting 
and  documenting  supply  items,  reparable  assets  control,  and 
supply  warehousing  facilities.  Added  to  this  are  the  other 
support  functions  which  serve  as  infrastructure  to  the 
entire  process.  It  should  be  obvious  that  Figure  2-2  barely 
scratches  the  surface  in  depicting  the  interaction  of  com- 


ponents  in  the  MAC  airlift  system. 

Actual  management  actions  in  each  of  the  functional  areas 
decribed  above  rely  on  the  information  derived  from  specifi¬ 
cally  tailored  performance  or  effectiveness  measures.  A  va¬ 
riety  of  performance  measures  is  used  in  the  "Commander's 
Management  Information  Summary"  a  volume  of  data  on  various 
aspects  of  MAC  operations  published  by  Headquarters  MAC.  In 
this  volume  operations  focuses  on  departure  reliability,  that 
is,  getting  the  aircraft  airborne  on  time.  Maintenance, 
while  also  concerned  with  departure  reliability,  is  more 
concerned  with  maintenance  man-hours  per  flying  hours  and  un¬ 
scheduled  maintenance  man-hours  to  scheduled  or  total  main¬ 
tenance  man-hours.  Transportation  is  concerned  with  the  le¬ 
vel  of  cargo  in  the  port  awaiting  transportation,  port  pro¬ 
cessing  times  and  port  holding  times.  Logistics  supply  sup¬ 
port  is  concerned  with  a  host  of  measures  that  track  docu¬ 
mentation  errors,  delinquencies  in  receiving  reparable  assets 
from  base  repair  facilities  and  various  stockage  rates.  Ob¬ 
viously,  the  idea  of  an  aggregated  measure  of  productivity 
index  is  buried  in  considerable  detail. 

The  utilization  of  MAG's  flying  hour  capability  is  per¬ 
formed  at  Headquarters  MAC  and  at  the  Numbered  Air  Force  Head¬ 
quarters.  Headquarters  Military  Airlift  Command  (HQMAC)  as¬ 
sumes  the  responsibility  of  programming  or  allocating  the 
flying  hours  to  various  mission  areas  and  functional  areas. 

The  Numbered  Air  Force's  concern  themselves  with  developing 
a  workable  schedule  and  workflow  for  all  of  the  wings  direct¬ 
ly  subordinate  to  them.  It  is  in  the  process  of  implimenting 


these  schedules  that  the  Wings  generate  the  flying  hours  as 
described  above. 

The  chief  tool  used  by  HQMAC  in  programming  the  flying 
resources  is  actually  a  budgeting  process.  Since  1958  MAC 
(then  MATS,  Military  Air  Transport  Service)  has  provided  air¬ 
lift  service  through  the  Airlift  Service  Industrial  Fund 
(ASIF) .  The  industrial  fund  was  a  management  process  de¬ 
vised  by  DOD  to  insure  effective  and  equitable  management  of 
resources  and  industrial-type  services  used  by  several  branch¬ 
es  in  DOD.  Narragon  and  Neil  have  compiled  a  thorough  ana¬ 
lysis  of  the  Transportation  Industrial  Funds  in  their  report 
for  The  Logistics  Management  Institute  (Ref  28) . 

The  HQMAC  flying  hour  programming  cycle  begins  with  the 
identification  of  training  requirements  in  flying  hours  which 
become  the  airlift  resource  when  transformed  by  the  airlift 
system.  Next,  projected  DOD  requirements  for  passenger  and 
cargo  airlift  also  expressed  in  flying  hours,  are  obtained. 
Additionally,  JCS  sponsored  exercises,  as  well  as  Joint  Air¬ 
borne  and  Air  Transportability  Training  (JA/ATT)  requirements 
are  identified  in  flying  hours.  Then  the  programming  and 
allocation  begins,  once  the  proper  deductions  have  been  made 
for  direct  training  requirements.  This  amounts  to  some  25% 
of  the  total  flying  hours  [some  117 » 37^  flying  hours  (Refs  16- 
20)  was  projected  for  direct  training  in  FY  1980],  These 
direct  training  requirements  as  well  as  the  JCS  exercises 
and  JA/ATT  missions  will  generate  no  by-product  airlift. 
Consequently,  funding  is  direct  for  these  three  categories  of 
flying-hours.  What  is  left  at  this  point  [260,281  flying 


hours  projected  for  FY  1980  (Refs  16-20) ]  is  programmed 
through  the  ASIF.  There  are  two  categories  of  services  in 
ASIF — Channel  Mission  and  Special  Assignment  Airlift  Mis¬ 
sions  (SAAM) .  The  Channel  Mission  consists  of  securing  lo¬ 
gistic  support  service  to- overseas  bases.  The  frequency  for 
this  service  is  based  either  on  a  validated  frequency  basis, 
that  is,  a  minimum  frequency  established  on  the  basis  of  col¬ 
lateral  requirements  including  national  policy  and  morale 
as  well  as  the  primary  basis  of  logistic  support  need,  or  re¬ 
quirements  basis  which  reflects  actual  support  needs.  Reim¬ 
bursement  for  Channel  service  is  on  a  ton-mile  basis  for  car¬ 
go  or  a  set  fee  for  passengers.  The  SAAM  consist  of  unique 
airlift  requirements  and  amount  to  chartering  an  airplane 
for  a  length  of  time.  Presidential  support  missions  and  some 
disaster  relief  support  missions  are  examples  of  SAAMs.  Re¬ 
imbursement  for  a  SAAM  is  on  the  basis  of  a  flat  hourly  fee 
based  on  aircraft  operating  costs.  Rate  structures  are  es¬ 
tablished  to  recapture  expenses  of  operating  the  fleet. 

There  is  no  incentive  or  attempt  to  make  a  profit. 

While  the  ASIF  was  established  as  a  means  of  managing 
industrial  type  service  effectively  the  ASIF  structure  has 
had  a  pejorative  effect  on  MAC  productivity.  Several  fea¬ 
tures  of  the  ASIF  plan,  including  the  validated  frequency 
Channel  missions  over  non-productive  routes,  make  the  MAC 
system  inefficient.  Consequently,  when  tariff  rates  are  es¬ 
tablished  to  balance  revenues  and  expenses  the  impact  of  in¬ 
efficient  utilization  of  Channel  service  results  in  rates 
which  cannot  compete  with  surface  transportation  rates,  par- 
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ticularly  ships.  Service  transportation  managers  are  then 
disinclined  to  ship  by  air,  leading  to  even  poorer  utilization 
overall  and  thus  a  recurrence  of  the  initial  problem  (Ref  28: 
30). 

Studies  and  recommendations  in  this  area  of  airlift  sys¬ 
tem  productivity  have  fallen  into  two  principal  areas:  1) 
creation  of  greater  airlift  requirements  by  removal  or  re¬ 
duction  of  tariff  disincentives,  2)  enhancement  of  mission 
or  sortie  productivity.  Narragon  and  Neil  (Ref  28)  have  re¬ 
viewed  several  proposals  made  over  the  years  to  remove  ASIF 
disincentives  to  more  product  employment  of  airlift  capabi¬ 
lity.  These  have  included  rate  stabilization,  token  tariff 
rates,  flooring  of  funds,  and  direct  funding.  Some  efforts 
have  been  made  to  establish  rate  stabilization  and  opportu¬ 
nities  for  token  tariffs.  The  case  for  flooring  of  funds 
and  direct  funding  seems  harder  to  make  since  both  can  be 
demonstrated  to  cause  other  problems  in  the  general  DOD  trans¬ 
portation  system.  The  General  Accounting  Office  has  also 
studied  the  problem  from  a  costs  versus  revenue  standpoint 
and  recommended  that  tariffs  be  made  to  more  closely  reflect 
expenses.  As  indicated  above  this  would  introduce  an  econom¬ 
ic  disincentive  to  the  use  of  airlift.  Another  important 
area  of  study  has  dealt  with  the  validated  frequency  Channel 
mission,  particularly  when  mission  scheduling  is  driven  by 
the  minimum  frequency  rather  than  actual  movement  require¬ 
ments.  The  constraints  on  many  of  these  validated  frequency 
missions  are  collateral  to  airlift  management  and  involve 
morale,  power  projection  and  foreign  policy. 


The  other  area  of  study  has  emphasized  mission/sortie 
productivity.  Studies  of  this  type  have  been  performed  by 
Lockheed,  HQMAC/DO,  Operation  and  HQMAC/XPSR,  Studies  and 
Analysis-Operations  Research.  These  three  are  discussed  in 
the  Airlift  Management  Procedures  Study  (AMPS)  published  by 
HQMAC/XPSR  in  1972  (Ref  23) .  The  Lockheed  study  emphasized 
the  need  to  better  utilize  aircraft  cabin  space  by  improving 
the  design  of  pallet  loads.  Their  study  pointed  out  that  a 
survey  indicated  that  poor  management  practices  allowed  too 
many  inefficient  palletized  loads  be  uploaded  in  C-141  air¬ 
craft.  Their  proposed  solution  was  to  more  closely  monitor 
pallet  capacity  utilization.  The  MAC/DO  study  conducted  in 
the  early  1970s  assailed  the  emphasis  placed  on  effective¬ 
ness  performance  measures,  in  particular  departure  reliabili¬ 
ty,  to  the  detriment  of  other  important  measures,  in  parti¬ 
cular  airlift  efficiency.  The  study  proposed  the  implemen¬ 
tation  of  a  deliberate  aircraft  delay  when  the  delay  would 
mean  greater  payloads.  The  proposal  was  based  on  an  analysis 
of  payload  and  mission  efficiency  factors  and  involved  sever¬ 
al  interesting  mathematical  relationships  and  decision  graphs. 
The  emphasis  of  the  AMPS  was  again  on  the  exclusion  of  effi¬ 
ciency  considerations  when  measuring  MAC  performance.  The 
study  findings  were  never  formally  implemented  by  MAC. 

A  more  recent  investigation  of  sortie  productivity  has 
looked  into  the  relationship  between  port  levels  and  capaci¬ 
ty  utilization,  the  greater  of  volume  capacity  or  weight  ca¬ 
pacity  utilization.  The  report  findings  and  recommendation 
(Ref  27)  reflect  a  nonrigorous  analysis  of  such  factors  as 


selectivity  and  the  time-series  nature  of  cargo  generation. 
Basicallyt  the  report  identifies  a  direct  relationship  be¬ 
tween  port  levels  and  capacity  utilization  and  between  day  of 
the  week  of  mission  operation  and  capacity  utilization.  This 
latter  finding  reflects  weekend  cargo  policies,  wherein  few 
cargo  deliveries  are  made  on  weekends  so  that  port  levels  sure 
drawn  down  over  the  weekends  resulting  in  low  port  levels 
and  lower  capacity  utilization  at  the  start  of  the  new  week. 
The  report  was  hastily  accomplished  but  did  point  up  an  area 
that  might  be  successfully  exploited  for  productivity  gains. 

Outside  of  the  MAC  community  other  studies  have  been 
made  to  enhance  MAC  productivity.  In  particular,  several 
Army  studies  conducted  during  the  late  1960s  and  early  1970s. 
These  involved  the  Routine  Economic  Airlift  (REAL)  study 
which  proposed  to  identify  whole  new  classes  of  air-eligible 
cargo.  The  aim  was  to  associate  an  equipment  item's  overseas 
stock  priority  with  a  tariff  rate  ceiling.  Thus  a  particular 
item  or  group  of  items  could  be  shipped  by  air  if  the  tariff 
charged  was  less  than  or  equal  to  this  maximum  tariff  value. 
The  idea  was  that  various  savings  could  be  realized  in  crating 
and  packing  certain  items  for  sea  shipment  if  they  were  sent 
by  air.  It  was  hoped  that  implementation  of  the  proposal 
would  lower  overseas  stock  levels  and  thus  DOD  equipment  in¬ 
vestment  by  lowering  the  "pipeline"  time  for  more  classes  of 
equipment.  This  "pipeline"  concept  is  a  measure  of  the  time 
an  item  spends  in  a  particular  transportation  system  from 
the  time  the  item  is  received  for  shipment  to  the  time  it  is 
consigned  to  the  receiver  at  destination.  Another  Army  idea 
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that  has  received  continued  study  has  been  the  Air  Line  of 
Communication  (ALOC)  concept.  Again,  by  relying  on  the  more 
rapid  shipment  times  available  with  an  air  transportation  sys¬ 
tem  the  Army  could  alter  overseas  logistics  policies  to  take 
advantage  of  the  shorter  "pipeline"  time.  One  of  the  more 
persuasive  criticisms  of  the  ALOC  concept  speculates  on  the 
possible  impact  on  the  ALOC  of  airlift  emergencies  or  contin¬ 
gencies.  With  lower  stock  levels,  accommodated  by  the  avail¬ 
ability  of  rapid  and  responsive  airlift,  the  Army  could  find 
itself  in  a  desperately  short  position  if  an  emergency  divert¬ 
ed  airlift  away  from  the  ALOC. 

A 

The  1973  oil  embargo  brought  to  MAC  a  new-found  fuel 
conservation  concern.  A  study  was  conducted  of  fuel  conserv¬ 
ation  techniques.  The  study  was  particularly  concerned  with 
highlighting  the  problem  for  aircrews  responsible  for  fuel 
planning. 

A  new  study  program  undertaken  by  MAC  in  1974  promises 
to  provide  a  methodology  for  evaluating  MAC  system  performance 
and  productivity  over  the  long  range.  The  study  program, 
entitled  Military  Airlift  Command  Resource  Optimization 
(MACRO) ,  employs  an  extensive  simulation  model  to  model  and 
characterizes  the  effects  on  the  MAC  airlift  system  in  peace¬ 
time  or  wartime  of  any  of  numerous  system  factors.  The  model 
employs  a  micro-perspective  and  considers  resource  interac¬ 
tions  and  constraints  at  a  very  detailed  level.  Effectively 
by  modeling  "reality"  the  program  aims  to  elicit  a  response 
about  any  aspect  of  the  MAC  airlift  system,  present  or  future 
within  twenty-four  hours.  The  program  is  currently  still  und- 
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er  development  with  an  initial  capability  predicted  for  late 

1980. 

Summary 

This  chapter  has  developed  the  background  to  the  thesis 
study.  Entitled  "System  Productivity"  the  chapter  has  dis¬ 
cussed  the  systems  concept  and  its  characteristics,  as  well 
as,  their  application  to  the  MAC  airlift  system.  System  pro¬ 
ductivity  as  embodied  in  the  work  by  Paul  Mali  was  discussed. 
System  productivity  is  the  result,  it  was  found,  of  the  rich 
interactions  of  a  system.  Consequently,  productivity  is 
necessarily  a  system  response.  Productivity  improvement 
takes  a  concerted  and  committed  effort.  Basic  to  any  product¬ 
ivity  management  effort  is  a  means  of  measuring  productivity. 
These  means  must  make  the  productivity  processes  transparent 
to  management  inspection,  so  that  problem  areas  can  be  worked 
out  and  particularly  productive  interactions  enhanced  and  ex¬ 
ploited.  The  means  of  measuring  productivity  may  be  broken 
down  into  five  areas «  1)  ratio  measures  of  system  output  to 

input;  2)  total  factor  indeces,  particularly  useful  in  com¬ 
paring  a  given  year  with  a  base  year,  3)  management  of  pro¬ 
ductivity  by  objective,  4)  productivity  checklists,  and 
5)  productivity  audits. 

Next,  the  MAC  airlift  system  productivity  environment 
was  discussed.  MAC  airlift  capability  is  essentially  a  by¬ 
product  of  readiness  training.  What  is  not  needed  for  direct 
training  or  JCS  exercises  and  Joint  Training  is  made  available 
to  DOD  customers  through  the  ASIF.  Because  of  the  mechanics 
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of  the  ASIF  MAC  finds  itself  in  a  constrained  market.  Low 
operations  efficiency  coupled  with  a  tariff  rate  structure 
that  is  high  when  compared  to  alternate  surface  transportation 
means  has  resulted  in  many  customers  being  driven  to  surface 
transportation — further  aggravating  the  situation. 

The  constrained  productivity  of  MAC  has  been  the  sub¬ 
ject  of  several  studies  including  several  that  aimed  to  re¬ 
move  ASIF  disincentives  in  order  to  attract  more  customers. 

A  number  of  studies  by  MAC  and  Lockheed  to  improve  sortie 
productivity  by  better  utilizing  pallet  capacity  and  by  wait¬ 
ing  for  cargo.  A  recent  study  suggests  a  relationship  be¬ 
tween  mission  efficiency  and  port  levels. 

A  number  of  Army  studies  have  attempted  to  identify 
classes  of  cargo  for  economic  routine  airlift,  while  other 
Army  studies  have  proposed  an  ALOC  system  aimed  at  reducing 
overseas  stock  levels  and  thus  costs. 

The  most  recent  addition  to  the  productivity  study  ef¬ 
fort  has  been  MACRO.  The  aim  of  the  undertaking  is  to  cap¬ 
ture  MAC  airlift  system  dynamics  through  computer  simulation 
modeling  and  to  use  this  facility  to  answer  questions  about 
the  MAC  system.  From  the  title  of  the  program  the  optimiza¬ 
tion  of  resource  allocation  promises  to  impact  productivity 
of  the  MAC  system. 
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Ill  SYSTEM  STRUCTURE 


Discussed  in  this  chapter  is  the  principal  tool  used  in 
the  investigation  of  productivity  measures,  an  airlift  sys¬ 
tem  simulation.  Part  of  the  problem  discussed  in  Chapter  I 
is  the  reliance  of  departure  reliability  as  a  measure  of  sys¬ 
tem  performance.  The  objective  of  the  simulation  model  is 
to  illustrate:  1)  that  departure  reliability  is  not  a  meas¬ 
ure  of  productivity  and  that  it  does  not  reflect  many  of  the 
forces  acting  in  the  airlift  system,  and  2)  that  relatively 
simple  and  straightforward  ratio  measures  of  productivity  can 
be  developed,  which  can  impart  more  knowledge  about  the  sys¬ 
tem's  dynamics  and  capabilities.  With  this  objective  in 
mind  the  model  was  designed  to  behave  as  a  portion  of  the 
MAC  airlift  system  in  such  a  way  that  productivity  could  be 
measured  as  different  ratios  of  output  to  input.  The  output 
of  the  MAC  system  model  is  ton-miles,  pipeline  times,  and  de¬ 
parture  reliability.  Input  to  the  model  system  consists  of 
maintenance  man  hours,  port  man  hours,  flying  hours,  and  fuel 
The  scope  of  the  model  is  limited  to  the  United  States  to 
Europe  Channel  missions.  This  was  done  so  that  sufficient 
detail  could  be  captured  about  the  interaction  between  opera¬ 
tions  maintenance  and  transportation/aerial  port.  The  assump 
tion  here  is  that  the  manner  in  which  inputs  are  transformed 
into  outputs  in  a  portion  of  the  MAC  system  is  essentially 
the  same  process  for  the  entire  MAC  system  but  on  a  larger 
scale.  What  can  be  concluded,  then,  from  looking  at  a  suf¬ 
ficiently  well-represented  portion  of  the  system  can  also  be 


concluded  about  the  MAC  system  at  large.  Sections  in  this 
chapter  include  Simulation  Rationale,  Model  Assumptions  and 
Limitations,  Determination  of  Model  Parameters,  Q-GERT  Ap¬ 
proach,  Model  Output,  and  Model  Verification  and  Validation. 

Simulation  Rationale 

The  overall  objective  of  the  study  is  to  develop  a  meth¬ 
od  and  an  approach  to  measuring  performance,  in  particular 
productivity,  of  the  MAC  peacetime  airlift  system.  Beer  in 
his  essay  on  "Control  Systems”  asserts  that  system  measures 
are  suggested  by  "The  most  important  features  of  the  system." 
(Ref  7:153)  That  is,  key  features  which  enhance  or  retard 
productivity.  Then  features  can  be  identified  from  experience 
and  observation  as  well  as  from  a  concerted  investigation  of 
system  factors  and  interactions.  This  investigation  can 
consist  of  evaluating  actual  system  inputs  and  outputs  using 
statistical  significance  testing  techniques.  However,  the 
MAC  airlift  system  is  a  large  enterprise  and  obtaining  com¬ 
prehensive  data  can  be  a  colossal  task.  Additionally,  as 
Easterfield  suggests,  "The  origin  and  meaning  of  any  figures 
found  in  firms  should  be  scrutinized  very  carefully  before 
they  are  used  for  purposes  other  than  those  for  which  they 
were  intended."  (Ref  12:41)  That  is  to  say  input  and  output 
figures  may  appear  to  indicate  one  thing  but  may  actually  re¬ 
late  to  some  other  perspective  because  of  the  way  in  which 
they  were  defined,  calculated  and  reported.  To  insure  vali¬ 
dity  and  consistency  the  environment  of  the  investigation 
must  be  carefully  controlled.  Unfortunately ,  the  MAC  airlift 
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system  is  a  large  system  to  deal  with.  Furthermore,  to  ob¬ 
tain  particular  data  points  tampering  with  the  system  could 
disrupt  the  very  processes  that  are  being  observed.  The 
Heisenberg  principle  deals  with  the  ambiguity  engendered  by 
the  disruptive  effects  of  the  act  of  measuring.  (Ref  40:11) 
The  use  of  a  simulation  model,  however,  appears  to  offer  a 
reasonable  compromise  to  experimentation  with  the  actual  MAC 
system  itself.  There  are  a  number  of  advantages  to  using  si¬ 
mulation  to  study  a  system.  First  of  all,  the  process  of 
reducing  real  system  behavior  to  computer  model  system  be¬ 
havior  imparts  insight  to  the  real  system.  Secondly,  the 
computer  "system"  can  be  exercised  over  a  wide  range  of  con¬ 
ditions,  not  practical  or  possible  when  dealing  with  the  real 
system,  in  order  to  investigate  unique  relationships  and  dy¬ 
namics.  Third,  time  frames  can  be  greatly  compressed.  Long 
periods  of  time  can  be  simulated  in  relatively  little  simula¬ 
tion  time.  (Ref  40:11-12) 


Model  Assumptions  and  Limitations 

The  simulation  model  developed  here  is  designed  to  mea¬ 
sure  output  and  input  of  the  MAC  system.  That  is,  the  model 
emulates  the  real  system  in  that  missions  are  flown  subject 
to  a  scheduling  policy,  modeled  by  a  probability  density 
function.  The  value  of  the  model  is  in  comparing  one  set  of 
circumstances,  system  environment,  management  policy  with 
another,  not  in  determining  "real"  parameters.  The  model  pa¬ 
rameters  are  based  on  observation  of  the  system  and  from  data 
obtained  from  a  month's  Channel  operations.  The  model  flows 


aircraft  and  cargo  through  the  "system"  in  a  manner  compar¬ 
able  to  the  real  system.  However,  values  for  maintenance 
man-hours  and  port  man-hours  represent  estimations  of  direct 
Channel  mission  support.  Pipeline  times  are  computed  from 
simple  assumptions.  The  value  of  these  parameters,  then,  is 
not  in  comparing  them  with  actual  system  parameters  but  in 
comparing  them  with  the  parameters  generated  by  the  model  un¬ 
der  a  diffent  set  of  circumstances.  Figure  3-1  depicts  a 
schematic  of  the  model's  flow.  Cargo  arrives  to  the  port 
with  a  particular  frequency.  This  frequency  is  one  of  the 
parameters  varied  to  determine  the  effect  of  low  port  levels 
and  selectivity.  Missions  are  generated  with  a  normally  dis¬ 
tributed  "interarrival  time"  based  on  observation  of  the  sys¬ 
tem  and  from  the  mission  data  collected.  Aircraft  and  crews 
are  scheduled  at  mission  generation  time  with  appropriate 
delays.  There  is  no  limitation  to  the  number  of  crews  or  to 
the  number  of  aircraft,  although  system  parameters  are  based 
on  certain  assumptions  about  fleet  size.  The  Channel  mission 
is  between  the  US  port,  an  aggregation  of  Eastern  MAC  bases, 
and  the  European  port,  an  aggregation  of  NATO  installations. 
The  mission  flight  time  is  drawn  from  a  distribution  of  times 
representing  all  MAC  Channel  missions  operating  between  East¬ 
ern  US  bases  and  Europe.  The  variation  in  time  accounts  for 
differences  in  destination  as  well  as  enroute  winds.  Aircraft 
transactions  will  proceed  through  loading  with  no  load  at  all 
or  only  a  partial  load  if  the  port  level  is  low.  The  aircraft 
do  not  wait  for  cargo.  The  cargo  waits  for  the  aircraft. 

This  models  the  aircraft  capacity  utilization  dependence  on 
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Figure  3-1  (continued) 


port  levels  and  selectivity.  Furthermore,  from  analysis  of 
the  actual  system  data  66%  of  the  total  cargo  was  transported 
by  C-l4l  and  Jk%  of  the  cargo  by  C-5*  Consequently  the  car¬ 
go  is  split  up  into  C-141  and  C-5  queues,  with  66%  going  to 
the  C-l4ls  and  3^%  to  the  C-5s.  Cargo  arrives  in  discrete 
parcels,  five  of  which  comprise  a  C-l4l  load  and  nine  of 
which  comprise  a  C-5  load.  The  aircraft  is  subject  to  un¬ 
scheduled  maintenance  due  to  discrepancies  noted  during  the 
crew  preflight.  This  predeparture  nonscheduled  maintenance 
rate  is  also  one  of  the  factors  manipulated  in  the  experiments 
described  in  Chapter  IV.  The  manning  of  the  system  for  crews 
and  support  personnel  is  established  at  an  arbitrary  level 
and  does  not  constitute  a  constraint  on  the  system  in  gene¬ 
ral.  This  reflects  the  policy  of  manning  the  MAC  system  at 
a  high  enough  level  to  meet  contingency  surge  requirements. 
Furthermore,  these  missions  are  all  scheduled  so  that  ade¬ 
quate  support  is  assumed  available.  Once  again  the  aim  of 
the  model  is  to  measure  input  and  output  of  the  MAC  system 
in  general.  There  is  no  advantage  to  be  gained  by  adding  de¬ 
tail  and  refinements  such  as  resource  constraints.  The  same 
general  processes  are  involved. 

As  stated  above  the  model  represents  an  aggregation  of 
eastern  US  bases  with  a  Channel  mission  to  an  aggregation  to 
European  bases.  The  level  of  detail  is  such  that  maintenance 
man-hours  are  sensitive  to  workload  as  are  the  port  man-hours. 
The  base  nonscheduled  maintenance  rate  represents  a  lower 
workload  than  the  high  nonscheduled  maintenance  rate  and  the 
marrhours  reflect  this.  Similarly  port  man-hours  depend  on 
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how  much  cargo  needs  to  be  processed  and  how  many  aircraft 
need  to  be  loaded.  By  varying  the  factors  that  govern  these 
workloads  the  inputs  and  outputs  of  the  system  vary  as  well. 

The  added  detail  of  a  day-in- the-lif e-of-a-man-and-a- 
tool-box  type  model  would  only  add  more  bulk  without  necess¬ 
arily  adding  conceptual  refinement  or  system  insight.  The 
model  is  intended  to  measure  differences  in  system  outputs 
and  inputs  resulting  from  different  environmental  and  manage¬ 
ment  conditions.  Exactly  how  all  of  this  is  brought  about 
in  the  system  is  not  at  issue. 

As  Pritsker  puts  its 

"In  modeling  and  simulation,  what  is  important 
is  relative.  Models  are  built  to  be  explanatory 
devices...  The  purpose  for  which  the  model  is 
built  should  be  reflected  in  the  amount  of  detail 
included  in  the  model.  By  knowing  the  purpose  for 
which  a  model  is  built,  the  relative  worth  of  in¬ 
cluding  specific  details  can  be  assessed.  Only 
those  elements  that  could  cause  significant  differ¬ 
ences  in  decision  making  resulting  from  the  out¬ 
puts  of  the  model  need  be  considered."  (Ref  36:387) 

Determination  of  Model  Parameters 

Model  parameters  were  derived  from  system  observation  as 
a  crewmember  and  as  a  Command  Post  duty  controller,  from  con¬ 
versations  with  experienced  airlift  personnel  at  HQMAC  and 
at  the  MAC  Airlift  System  Programming  Office  (SPO)  at  Wright- 
Patterson  AFB,  from  data  contained  in  AFR  76-2,  Airlift  Plan¬ 
ning  Factors,  and,  finally,  from  an  analysis  of  a  Military 
Air  Integrated  Reporting  System  (MAIRS)  printout  from  HQMAC/DC 
representing  thirty-days  (Julian  days  3°1  to  331  1979)  of  MAC 
Channel  missions.  The  first  two  sources  helped  to  round  out 
the  conceptual  framework  and  to  determine  parameter  ranges 


when  hard  data  was  not  available.  AFR  7 6-2  was  useful  in  de¬ 
termining  various  aircraft  capability  and  performance  data 
as  well  as  Channel  route  information.  Finally,  the  actual 
MAIRS  data  were  used  to  establish  average  cargo  weights,  de¬ 
parture  frequencies  and  flight  times.  In  using  the  MAIRS 
data  all  0-5  and  C-141  flights  operating  from  east  coast  bas¬ 
es  to  European  destinations  were  identified.  These  were  then 
taken  to  represent  the  aggregated  mission  data  base  of  the 
"conceptual"  port  model.  As  an  aid  in  the  analysis  of  the 
MAIRS  data  a  computer  program,  DATANAL,  was  written.  The 
computer  FORTRAN  code  listing  and  printouts  are  included  in 
Appendix  A.  The  mission  parameters  derived  in  this  manner 
and  used  in  the  model  are  summarized  in  Table  3-1 •  In  addi¬ 
tion  to  giving  average  parameter  values  the  program  also  com¬ 
puted  frequency  data  and  printed  this  out  to  give  a  "picture" 
of  the  general  distribution  of  the  data.  All  of  these  fact¬ 
ors  were  taken  into  consideration  in  establishing  the  para¬ 
meters  and  distributions  used  in  the  model. 

Truck  cargo  unloading  times  on  a  per  ton  basis  were  de¬ 
rived  both  from  Porte's  study  (Ref  3^)  and  system  observation. 
Aircraft  cargo  loading  and  unloading  service  times  in  hours 
per  ton  were  determined  in  a  similar  manner.  The  maintenance 
service  times  are  assumed  to  be  uniformly  distributed.  This 
assumption  is  based  on  system  observations,  as  well  as,  from 
conversations  with  the  personnel  at  the  MAC  SPO.  The  fueling 
times  are  computed  from  AFR  ?6-2  information  and  from  fueling 
rate  capabilities  obtained  from  the  MAC  SPO.  The  fuel  plan¬ 
ning  procedures  outlined  in  AFR  76-2,  while  not  directive 


TABLE  3-1 


Simulation  Parameters  Derived  From  MAIRS  Data 
(US-to-Europe  Missions) 


PARAMETERS 

C-5 

Mean  Std  Dev 

C-141 

Mean  Std  Dev 

Cargo  Weight  (tons) 

2?. 9 

6.8 

15.6 

5.6 

Flight  Time  (hours) 

7.6 

0.4 

7.3 

1.2 

Interdeparture  Time 
(hours) 

13.3 

10.6 

3.8 

3.6 

Cargo 

(tons, total  for  30 
days) 

1592.0 

3120.0 

Mission  Sorties 
(total  for  30  days) 

57 

200 
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upon  aircrews,  are  useful  as  heuristics  for  this  type  model¬ 
ing.  According  to  APR  76-2,  enough  fuel  must  be  uploaded  to 
allow  for  10#  over  planned  flight  time  plus  thirty  minutes 
departure  and  approach  and  forty-five  minutes  holding.  Fuel 
consumption  was  taken  to  be  the  average  fuel  consumption  fi- 
bures  cited  in  APR  76-2,  that  is  202 5  gallons  per  hour  for 
the  C-141  and  3375  gallons  per  hour  for  the  C-5.  Data  from 
the  SPO  indicates  that  fueling  rates  are  some  5 00  gallons  per 
minute,  or  3°»°00  gallons  per  hour,  from  either  fueling  trucks 
or  from  fuel  hydrants.  Consequently,  the  fueling  service 
time  (FST)  relationships  becomes 

FST(C_i4i)=  0.0675  [Flying  Time  x  1.1  +  1.25]  (3) 

FST(C-5)=  °*1125  [Flying  Time  x  1.1  +  1.25]  (4) 

Total  fuel  consumption  is  simply  this  fueling  service  time 
multiplied  by  30,000. 

The  mission  generation  rate  is  based  on  an  assumption 
regarding  fleet  size.  Actual  MAC  operations  involve  many 
different  kinds  of  missions  so  that  there  is  no  dedicated  air¬ 
craft  fleet  for  Channel.  However,  for  the  purpose  of  this 
study  it  was  assumed  that  the  C-141  fleet,  consisting  of  3° 
aircraft,  and  the  C-5  fleet,  consisting  of  16  aircraft,  were 
dedicated  to  the  European  Channel  mission.  This  is  based  on 
the  observation  that  roughly  half  of  the  total  mission  acti¬ 
vity  is  Channel  mission  and  that  roughly  half  of  the  Channel 
missions  are  to  Europe. 

The  mission  generation  rate  is  computed  from  the  rela¬ 
tions 
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where 


Simulation  Period  FT 


MGR  =  ~ 


UR 


iod 


Simulation  Period  FS 


24.0 


iod 


(5) 


UR  =  utilization  rate  in  hours  per  unit  equipment  air¬ 
craft  per  day. 

FT  =  flying  time  for  fleet 

FS  =  fleet  size 

Since  FT  was  observed  from  the  MA.IRS  data  to  be  a  normal¬ 


ly  distributed  random  variable  then  MGR  is  also  a  normally 
distributed  random  variable  with  expected  value  given  by 

24.0  E[FT] 

E[MGR}  =  - -  (6) 

(UR)  (FS) 


Substituting  the  specific  values  of  the  C-141  and  C-5  fleet 
sizes i 


E[MGR]c_l4l 

E[MGR]c_5 


0.8  E[FT  ~N(7. 3»1.22)] 
UR 

1.5  E[FT  ~  N(?.6,0.45)] 
UR 


(7) 

(8) 


The  standard  deviation  of  this  distribution  is  estimated 
to  be  one-fourth  of  the  range  between  the  maximum  value  ob¬ 
served  and  the  minimum  value  observed. 

Tables  3~2  a,b,  and  c  summarize  the  model  parameters 
employed . 


Model  Language 


To  model  this  system  the  Q-GERT  modeling  language  was 
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used.  Q-GERT  represents  Graphical  Evaluation  and  Review 
Technique  with  a  capability  for  modeling  waiting  Queues. 

This  particular  language  was  chosen  because  the  MAC  airlift 
system  is  a  queue  service-queue-service  type  system.  Since 
Q-GERT  has  an  established  power  for  handling  queueing  systems, 
its  language  and  technique  were  selected.  Q-GERT  represents 
more  than  a  language.  It  is  also  an  approach  to  conceptual¬ 
izing  systems  as  well  as  simulating  them. 

The  Q-GERT  technique  consists  of  two  parts.  First,  the 
pertinent  activities  and  servers  in  a  system  are  identified. 
Then  these  system  elements  are  represented  by  a  Q-GERT  flow 
diagram.  This  diagram  includes  server  numbers,  service  rates, 
queue  selection  rules,  and  transaction  flow  information. 
Second,  this  graphical  representation  is  translated  into  a 
series  of  Q-GERT  instruction  codes  which  correspond  to  the 
different  kinds  of  nodes,  service/activities,  and  branching 
options.  The  actual  system  simulation  is  done  by  the  Q-GERT 
Analysis  Program.  This  program  uses  the  coded  instructions 
to  compile  and  analyze  the  network  being  modeled.  After  ter¬ 
mination  of  the  simulation  the  Analysis  Program  prints  out 
an  extensive  list  of  simulation  results  and  statistics.  (Ref 
36) 

There  are  two  basic  symbols  in  Q-GERT,  the  node  and  the 
activity/service.  The  nodes  represent  "milestones,  decision 
points  and  queues."  (Ref  33*3)  Generally,  there  are  three 
parts  to  a  Q-GERT  node  symbol i  the  left  sector,  which  des¬ 
ignates  node  release  conditions  or  queue  capacity  informa¬ 
tion  and  is  drawn  as  a  hemisphere,  a  center  sector,  which  may 
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be  comprised  of  several  different  boxes  which  determine  how 
a  transaction  is  treated  when  the  node  is  released  and  a 
right  sector  which  specifies  branching  types  queue,  deter- 
ministe,  probablistic,  or  conditional.  Nodes  must  at  least 
specify  release  conditions  and  branching  type  so  that  some 
nodes  may  appear  without  center  sectors.  The  center  sector 
may  contain  information  that  relates  to  queue  discipline, 
statistics  to  be  collected,  how  multiple  transactions  are  to 
be  managed,  assignment  of  values  to  attributes,  and  so  forth 
depending  on  the  specific  node  being  described  and  the  op¬ 
tions  selected.  Table  3-3  summarizes  the  Q-GERT  symbols  used 
in  the  accompanying  flow  chart. 

Transactions  which  originate  or  pass  through  nodes  are 
routed  along  activity  branches  represented  by  arrows  drawn 
between  nodes.  An  activity  may  represent  a  time  delay  or  a 
service  process.  A  time  delay  type  activity  begins  when  the 
start  node  is  released,  whereas  a  service  type  activity  which 
emanates  from  a  queue  node,  is  constrained  by  the  number  of 
servers  serving  a  given  activity.  As  a  result,  a  service 
type  activity  starts  only  when  a  server  is  free,  subject  to 
queue  discipline  and  server  selection  constraints.  Activi¬ 
ties  are  labeled  with  time  delay  or  service  time  information 
enclosed  in  parentheses.  Referring  to  Figure  3-2,  this  infor¬ 
mation  may  specify  that  time  delay  is  a  constant  value,  (a), 
a  sample  from  a  probability  distribution,  (b) ,  or  determined 
by  a  call  to  a  user  function,  (c).  Additionally,  activities 
may  be  labeled  with  a  server  identification  number,  the  num¬ 
ber  of  parallel  servers,  and  stochastic  or  conditional  se- 
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TABLE  3-3  Q-GERT  NODE  DESCRIPTION  (Ref  36) 
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TABLE  3-3  (continued) 
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TABLE  3-3  (continued) 
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TABLE  3-3  (continued) 


^  ... 

J  (co,5.o)  ^ 

(a)  time  delay  type  activity 
with  constant  value 
(Ref  33*18-48) 


*  /  cm  (no , i)  (U  no.  of 

/  f  * - parallel 

/  l  servers 

'0.4  '•Distribution  Type 

Cl]  (UN, 2)  [2)  * 


Probability  J 
of  selecting/ 
branch 


•Server  Id.  Number 


;lo73 


Parameter  Set 


(b)  service  type  activity  with 

probabilistic  branching  and  service  times 

(Ref  33:26-2?) 
TNOW.GT.  120.0  ^ - condition 

/  (UF ,12)  >  Code 

/  ' — -call  to  user  function 

'  Al.GT.l 6.5 


\(UF, 6) 

^function  call  argument 
A1.GE.A2 


(UF,3) 

(c)  activity  with  conditional  branching 
(take-all)  time  delay  determined  by 
call  to  user  function  (Ref  33*145-153) 


Figure  3-2  Q-GERT  Activity  Types 


lection  information.  Stochastic  selection  information  is  pro¬ 
vided  on  all  activities  that  emanate  from  any  probabilistic 
node.  This  information  consists  of  a  number  between  0  and  1 
which  characterizes  how  often  a  particular  activity  is  select¬ 
ed  in  a  random  sampling,  Figure  3-2  (b) .  Of  course  the  sum 
of  the  probabilities  of  all  branches  coming  from  a  particular 
probabilistic  node  must  be  one.  Conditional  selection  infor¬ 
mation  consists  of  a  FORTRAN  type  IF  selection  statement, 
Figure  3-2  (c). 

Figure  3-3  is  a  presentation  of  the  Q-GERT  network  using 
the  symbols  just  described.  The  flow  of  transactions  and 
parameters  used  together  with  the  word  picture  presented  a- 
bove  should  serve  to  clarify  the  approach  taken  to  model  the 
MAC  airlift  system.  In  addition,  the  Q-GERT  coding  that  cor¬ 
responds  to  this  network  is  included  in  Appendix  B. 

While  Q-GERT  is  a  powerful  language,  that  is,  capable 
of  capturing  a  wide  range  of  behavior  with  minimal  coding, 
special  action  must  be  taken  to  extend  the  flexibility  of  the 
technique.  This  is  provided  for  with  the  inclusion  of  FORTRAN 
coded  program  inserts.  There  are  three  basic  program  inserts » 
FUNCTION  UF  (IFN) ,  SUBROUTINE  UI ,  and  SUBROUTINE  UO.  FUNC¬ 
TION  UF  uses  a  computed  GO  TO  statement  to  branch  control  to 
different  areas  of  the  function.  Calls  to  FUNCTION  UF(IFN) 
may  be  made  at  an  attribute  assignment  or  at  activity  sched¬ 
uling. 

Besides  returning  a  value  for  the  activity  or  for  an  at¬ 
tribute  the  call  may  also  serve  to  initiate  other  activities. 
This  effort  is  facilitated  by  the  provision  of  Q-GERT  sub- 


Figure  3-3  Q-GERT  Network  Representing  MAC  Peacetime  Airlift  System 


-3  (continued) 


Figure  3-3  (continued) 


routines.  Pritsker  (Ref  36:235-295)  describes  in  detail  the 
use  of  program  inserts  as  well  as  of  the  Q-GERT  subroutines. 
SUBROUTINE  UI  is  a  subroutine  that  is  called  by  the  Q-GERT 
Analysis  Program  at  the  beginning  of  an  individual  run. 

For  this  reason  SUBROUTINE  UI  is  used  to  initialize  variables 
that  will  be  used  during  a  run.  SUBROUTINE  UO  is  called  at 
the  termination  of  i  run  and  is  employed  by  the  analyst  to 
output  desired  results  and  statistics.  (Ref  33*253-25^) 

Table  3-^  describes  the  Q-GERT  variables  accessed  and  the  in¬ 
ternal  Q-GERT  subroutines  employed  in  the  program  inserts 
written. 

The  FORTRAN  code  listing  for  FUNCTION  UF(IFN)  is  in  Ap¬ 
pendix  C.  The  sixteen  different  sections  of  FUNCTION  UF(IFN) 
are  summarized  in  Table  3-5* 


Model  Output 

There  are  two  kinds  of  output  generated  by  this  model, 
the  standard  Q-GERT  analysis  program  output  and  the  user 
(analyst)  specified  output.  The  Q-GERT  output  consists  of  a 
statistical  recap  of  all  of  the  nodes  and  activities  and  in¬ 
dicates  utilization  of  servers,  average  waiting  time  exper¬ 
ienced  in  waiting  queues,  average  between-times  of  statisti¬ 
cal  node  releases,  and  so  forth.  The  user  output  consists  of 
total  ton-miles,  pipeline  time,  and  so  forth  and  is  described 
in  Chapter  V.  Because  they  represent  inputs  to  the  airlift 
system  the  significant  factors  here  are  flying  hours,  main¬ 
tenance  man-hours,  port  man-hours,  and  fuel  in  gallons  as  in¬ 
puts.  The  pertinent  system  output  responses  are  departure 


TABLE  3-^ 


Q-GERT  Variable  Accessed  and 

(Ref  36) 

Subroutines  Used 

VARIABLE/ 

SUBROUTINE 

NAME 

DESCRIPTION 

OF  VALUE 

OR  FUNCTION 

ARGUMENT 

LIST 

GATRB(J) 

Returns  value  of 

Jth  attribute  of 
transaction  being 
processed. 

J  =  attribute  num¬ 
ber 

NO(  J) 

Returns  random  va¬ 
riate  from  normal 
distribution 

J  =  parameter  set 

NREL  (NODE) 

Value  either  of 
number  in  queue 
of  Q-node  NODE, 
of  remaining  re¬ 
quirements  for 
release  of  node 

NODE 

NODE  =  node  number 
of  interest 

NRUN 

current  run  num¬ 
ber 

NRUNS 

total  number  of 
runs  requested 

NTC(NODE) 

number  of  trans¬ 
actions  that  have 
gone  through  node 
NODE  since  begin¬ 
ning  of  simulation 

NODE  =  node  number 
of  interest 

PATRB  ( ATTR ,  J ) 

assigns  value  of 
ATTR  to  attribute 

J  of  transaction 
being  processed 

J  =  attribute  num¬ 
ber 

ATTR  =  value  to  be 
assigned 

PTIN  (NODE, 
TIME,  TIMEM, 
ATT) 

puts  a  transaction 
into  network  at 
node  NODE,  at  time 
TNOW+TIME,  mark 
time  is  TIMEM, ATT 
is  the  attribute 
vector 

NODE  =  node  number 
of  interest 

TIME  =  time  delay 

for  initiat¬ 
ing  trans¬ 
action 

TABLE  3-^  (continued) 


VARIABLE/ 

SUBROUTINE 

NAME 


TMARR(IDUM) 


TNOW 


DESCRIPTION 
OF  VALUE 
OR  FUNCTION 


TIMEM 

ATT  = 


returns  TMARK  as  IDUM 

the  time  the  cur¬ 
rent  transaction 
was  marked 

current  simula¬ 
tion  time 


ARGUMENT 

LIST 


=  mark  time 
of  trans¬ 
action 

attribute 
vector  for 
new  trans¬ 
action 

dummy  ar¬ 
gument 


TABLE  3-5 


FUNCTION  UF(IFN)  Description 


CABLED  AT  USE 


Nodes*  125 » 225, 145  Assigns  value  of  TNOW  to  st¬ 
and  245  tribute 


ACT, 6, 7 


ACT, 106, 110 
ACT ,206, 210 


Nodes  62  and  72 


ACT, 120, 121 
ACT, 220, 221 


Nodes  128  and  228 


ACT, 131, 132 
ACT, 231, 232 


Assigns  value  to  UF  of  nor¬ 
mally  distributed  random  va¬ 
riate  .for  maintenance  ser¬ 
vice  type  and  aircraft  type 

Computer  fueling  time  from 
aircraft  type  and  flying 
time 

Used  to  pass  attribute  va¬ 
lues  through  a  SELECT  Node 
because  both  transactions 
have  unique  values  that 
must  be  retained.  Uses  air¬ 
craft  type  and  destination 

Takes  values  stored  in  UF  4 
and  assigns  them  to  new  tran¬ 
saction  that  emerges  from 
SELECT  node.  Computes  air¬ 
craft  loading  time  based  on 
load  weight 

Takes  crew  show  time  to  pass 
through  MATCH  node. 

Assigns  crew  show  time  saved 
from  UF  6  to  aircraft  trans¬ 
action 


Nodes  141  and  142  Used  to  determine  departure 

reliability  if  on-time  UF  = 
1.0,  if  late  UF  =  2.0 

ACT, 141, 142  Departure  release  time  is 

ACi , 241, 242  computed  and  returned  in  UF. 

If  transaction  is  late  UF  = 
0.0.  If  on-time  or  early 
aircraft  is  held  for: 
UF=TMA.RK  ( FDUM)  +15 . 5— TNOW 
time  units 


TABLE  3-5  (continued) 


IFN  CALLED  AT  USE 


10  ACT, 80, 81  Computes  aircraft  offloading 

time  and  returns  it  in  UF  and 
updates  aircraft  arrival 
counters  and  delivery  ton 
counters . 

11  ACT, 81, 85  Mission  report.  Computes 

values  for  mission  ton  miles, 
crew  day,  capacity  utilization, 
etc . 

12  Node  11  Generates  port  report.  In¬ 

dicates  numbers  of  truck  ar¬ 
rivals  and  tons  delivered, 
aircraft  arrivals  and  tons 
delivered,  and  port  level  in 
tons . 

13  ACT, 5^.56  Computes  truck  unloading  time 

and  updates  truck  arrivals, 
truck  tons  delivered,  and  port 
level . 

14  Nodes  60  and  70  Used  to  accumulate  load  weights 

for  C-141  and  C-5  loads.  As¬ 
sembles  5  loads  for  C-141  and 
computes  weight  of  5  loads,  as¬ 
sembles  9  loads  for  C-5  and 
computes  weight.  Also  tallies 
port  maintenance  man  hours. 

15  ACT, 61,62  Passes  load  weights  computed  in 

ACT,71»72  UF14  to  the  assembled  load 

transaction  which  represents  an 
aircraft  "load " . 

16  Nodes  110  and  Used  to  simulate  effect  on  low 

210  on  hand  port  levels.  A  check 

is  made  of  load  queue,  the  as¬ 
sembly  node  is  checked  and  dum¬ 
my  loads  generated  until  the 
assembly  node  releases  to  the 
load  queue. 
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reliability,  total  ton  miles,  and  pipeline  time.  Maintenance 
man-hours  are  tallied  in  UF2,  as  unscheduled  maintenance,  as 
service  hours  times  crew  size  where  crew  size  for  each  type 
of  maintenance  work  is  specified  in  Table  3-2.  Maintenance 
man-hours  are  also  tallied  in  UF3,  where  fueling  occurs,  man¬ 
hours  here  is  crew  size  times  fueling  time  as  determined  a- 
bove.  Additionally,  a  constant  is  added  to  account  for  rou¬ 
tine  maintenance  items,  3  hours  for  C-l4ls  and  6  hours  for 
C-5s.  Port  man-hours  are  tallied  in  UF13,  UF14,  UF10  and  UF8. 
Here  again  man-hours  are  computed  as  either  a  constant  value 
or  as  the  product  of  service  time  and  crew  size.  The  res¬ 
ponse  parameters  are  determined  in  UF11,  the  mission  report 
area  of  FUNCTION  UF,  and  in  SUBROUTINE  UO.  Departure  relia¬ 
bility  is  taken  as  the  quotient  of  the  number  of  releases  of 
node  143  to  the  number  of  releases  of  node  145  for  C-141 
launch  reliability  and  the  quotient  of  the  number  of  releases 
of  node  243  to  the  number  of  releases  of  node  24 5  for  C-5 
launch  reliability.  Total  ton-miles  is  the  summation  of  in¬ 
dividual  mission  ton -miles,  both  values  are  calculated  in 
UF11.  Mission  ton-miles  is  computed  as  the  product  of  cargo 
weight  (attribute  6)  and  the  distance  flown.  The  distance 
flown  is  not  as  straight  forward  as  would  seem.  That  is, 
the  distribution  in  flying  time  is  due  to  the  wide  variety  of 
Channel  missions  flown  from  the  east  coast  to  Europe  as  well 
as  the  differences  in  the  same  mission  due  to  wind  differen¬ 
ces.  Distance  flown,  then,  is  the  product  of  flying  time  and 
block  speed,  where  block  speed  is  defined  as  the  average  speed 
cf  a  mission  from  block-out,  parking  spot  departure,  to  block- 


in,  destination  parking  spot  arrival.  The  longer  a  mission 
leg  is,  the  relatively  more  time  spent  at  enroute  cruise  speed 
and  therefore  the  faster  is  the  block  speed.  Equations  for 
relating  total  flight  time  to  block  distance  flown  (BDF)  were 
determined  from  a  least  squares  fit  of  data  in  AFR  76-2  using 
values  of  0.76  MACH  enroute  airspeed  for  C-5s  and  0.74  MACH 
enroute  airspeed  for  C-l4ls.  These  equations  ares 

BDFC_1^1  =  [424.78  x  Flying  time  -  176.79  miles]  (9) 
BDF^,_^  =  [445.98  x  Flying  time  -  185.88  miles]  (10) 

Finally,  pipeline  time,  measure  of  cargo  time  in  MAC  system, 
is  measured  from  the  time  cargo  arrives  at  the  port  truck  ter¬ 
minal  to  the  time  the  cargo  arrives  at  destination.  In  ac¬ 
tuality,  pipeline  time  continues  until  the  cargo  is  actually 
consigned  to  the  user  at  destination.  This  was  not  modeled. 

In  addition,  the  pipeline  time  is  that  of  the  oldest  cargo 
on  the  aircraft,  since  aircraft  loads  are  comprised  of  sever¬ 
al  truck  loads. 

Model  Verification  and  Validation 

This  section  describes  the  efforts  made  to  establish  mo¬ 
del  credibility.  Model  credibility  is  established  in  two 
steps,  verification  and  validation.  Verification  is  the  deter¬ 
mination  that  the  model  flow  or  algorithm  performs  as  planned. 
That  is,  the  values  are  computed  as  they  should  be  and  the 
transactions  occur  as  they  should.  In  essence  the  model  does 
what  the  modeler  wants  it  to  do.  The  second  step  is  consi¬ 
derably  more  difficult.  Validation  is  the  process  of  es- 


tablishing  that  the  model  does  what  the  real  system  does, 
that  is,  it  behaves  as  the  real  system  behaves  given  the  con¬ 
ditions  subsumed  by  the  model  parameters.  (Ref  48 t 247) 

Verification  can  be  accomplished  by  using  numerous  print 
statements  to  follow  a  transaction  along.  Diagnostic  outputs 
can  also  be  scrutinized  to  insure  reasonableness  of  results. 

In  addition  the  Q-GERT  Analysis  Program  has  a  "trace"  option 
which  actually  prints  out  the  flow  of  all  transactions  from 
node  to  node  and  along  one  service  activity  after  another  as 
determined  by  the  network.  This  simplifies  verification  con¬ 
siderably. 

Validation  is  another  matter.  Somehow  the  model  results 
must  be  compared  to  actual  system  results  for  the  same  condi¬ 
tion,  that  is,  same  value  of  critical  input  factors.  To  va¬ 
lidate  the  model  twelve  runs  of  the  network  were  made  using 
the  parameters  and  distributions  derived  from  the  MAIRS  data. 
The  Q-GERT  Analysis  Program  printout  from  one  of  these  runs 
is  in  Appendix  D.  Table  3-6a  summarizes  the  input  parameters. 
Table  3-6b  summarizes  the  output  parameters.  The  actual  to¬ 
tal  flying  hours  for  the  activity  described  by  the  MAIRS  data 
were  1893*2  and  the  actual  total  ton-miles  were  16,044,700. 
Note  that  when  the  ton-mile  algorithm  described  in  (9)  and 
(10)  above  is  used  the  total  ton-miles  become  14,310,400. 

Note  that  the  total  ton-miles  for  the  model  is  very  sensitive 
to  the  cargo  arrival  rate.  This  is  one  of  the  factors  mani¬ 
pulated  in  the  experiments.  Generally,  the  model  generated 
output  parameters  compare  favorably  with  actual  system  data, 
so  that  one  can  have  reasonable  confidence  in  the  model’s 


TABLE  3-6b 
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algorithms  (9)  and  (10)  were  used  with  MA.IRS  flying  tons  to- 
was  14,310,400. 


!i  l 


9 


j 

ability  to  portray  system  behavior  at  the  macro  level.  Fur¬ 
ther  validation  could  be  accomplished  using  a  "Turing"  approach. 
(Ref  48 « 252) 

Summary 

This  chapter  has  described  the  system  simulation  model 
used  in  the  study.  The  rationale  and  objectives  of  the  simu¬ 
lation  study  were  discussed.  System  assumptions  and  model 
limitations  were  presented.  Next  the  process  by  which  the 
model  itself  was  constructed  was  described.  This  included  a 
discussion  of  how  parameters  were  determined  and  a  descrip¬ 
tion  of  Q-GERT  terminology  and  symbols.  Following  this  was 
a  discussion  of  the  user  function/subroutine  inserts,  as  well 
as,  some  of  the  computational  algorithms.  Finally,  a  brief 
discussion  of  model  verification  and  validation  was  included. 
Verification  of  the  model  was  accomplished  by  the  use  of 
print  statements  to  analyze  computation  and  output  reason¬ 
ableness  and  by  the  use  of  the  Q-GERT  trace  feature.  Vali¬ 
dation  of  the  model  was  by  comparing  system  output  parameters 
including  flying  hours,  sorties  generated,  and  ton-miles 
carried  to  actual  values  reported  in  the  MAIRS  data.  When 
allowances  were  made  for  the  ton-mile  algorithms  employed  as 
well  as  the  cargo  arrival  rate  it  was  found  that  the  agree¬ 
ment  between  the  two  sets  of  parameters  was  good  so  that  an 
assumption  of  functional  validity  is  not  an  unreasonable  one. 
The  next  chapter,  Chapter  IV,  Research  Design,  discusses  how 
experiments  were  conducted  with  the  system  simulation  and  how 
the  results  of  these  experiments  were  treated. 

* 
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IV  Experimental  Design 

Chapter  III  discussed  the  system  simulation  model  that 
was  developed  to  investigate  productivity  measures.  This 
chapter  discusses  how  the  system  model  was  used  and  the  ex¬ 
periments  that  were  conducted. 

Experimental  Objective  and  Approach 

The  objective  of  the  experiments  was  to  determine  which 
factors  affect  system  output,  as  measured  by  ton-miles,  pipe¬ 
line  time  and  departure  reliability. 

The  simulation  model  of  the  MAC  airlift  system  has  many 
factors  that  can  be  independently  varied.  Table  4-1  lists 
some  24  of  these  factors.  The  list  is  not  an  exhaustive  one. 
A  two  level  factorial  design  experiment  with  each  of  these 

24 

factors  and  all  their  various  combinations  would  require  2  , 

or  nearly  17  million,  computer  runs.  Furthermore,  not  all 
24 

of  the  2  combinations  are  significantly  different  from  one 
another.  As  a  result,  an  aggregated  factorial  design  was 
selected. 

The  three  aggregate  factors  that  were  selected  for  the 
experiment  werei  1)  Pre-departure  nonscheduled  maintenance 
rate  (PDNMR) ,  2)  cargo  arrival  rate  (CAR),  and  3)  mission  ge¬ 
neration  rate  (MGR) .  The  pre-departure  nonscheduled  mainte¬ 
nance  rate  is  defined  here  as  the  rate  at  which  last  minute 
aircraft  discrepancies  requiring  maintenance  are  discovered 
during  the  crew's  preflight  of  immediately  before  take  off 
during  engine  start  and  taxi.  With  reference  to  the  Q-GERT 
network,  Figure  3-3 »  the  nonscheduled  maintenance  rate  is  the 
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TABLE  4-1 

List  of  Variable  Factors 


1.  Cargo  Arrival  Rate 

2.  Aircraft/Mission  Generation  Rate — C-141 
3»  Aircraft/Mission  Generation  Rate — C-5 

4.  Pre-departure  Unscheduled  Mainteanace  Rate — C-141 

5.  Pre-departure  Unscheduled  Maintenance  Rate — C-5 

6.  Service  Times — Truck  Unloading 

7.  Service  Times — Cargo  Processing 

8.  Service  Times — Cargo  Movement 

9.  Service  Times — Aircraft  Cargo  Loading/Unloading 

10.  C-141  Engine  Maintenance 

11.  C-141  Hydraulic  Maintenance 

12.  C-141  Electrical  Maintenance 

13*  C-141  "Other"  Maintenance 

14.  C-5  Engine  Maintenance 

1 5*  C-5  Hydraulic  Maintenance 

16.  C-5  Electrical  Maintenance 

17 •  C-5  "Other"  Maintenance 

18.  Server  Numbers  (Manning)  Truck  Unloading  Crews 
19 •  Server  Numbers  (Manning)  Cargo  Processing  Crews 

20.  Server  Number  (Manning)  Engine  Maintenance  Crews 

21.  Server  Numbers  (Manning)  Hydraulic  Maintenance  Crews 

22.  Server  Numbers  (Manning)  Electrical  Maintenance  Crews 

23.  Server  Numbers  (Manning)  "Other"  Maintenance  Crews 

24.  Server  Numbers  (Manning)  Aircraft  Loading  Crews 


* 


fraction  of  the  time  an  aircraft  transaction  takes  the  branch 
from  Pre-departure  Node  132,  to  Maintenance  Node  1,  for  C-l4ls, 
or  from  Pre-departure  Node  232  to  Maintenance  Node  1,  for  C-5s. 
The  cargo  arrival  rate  is  defined  as  the  speed  at  which  cargo 
arrives  at  the  port.  The  rate  is  established  by  setting  the 
mean  and  standard  deviation  of  the  normal  distribution  func¬ 
tion  which  governs  cargo  interarrival .  In  Figure  3-3 »  this 
cargo  arrival  rate  corresponds  to  the  normally  distributed 
activity  that  goes  from  Arrival  Node  50  and  loops  back  to  it¬ 
self  to  schedule  a  new  arrival.  The  mission  generation  rate 
is  established  by  defining  the  mean  and  standard  deviation 
for  the  normal  distribution  function  which  governs  the  time 
between  mission  generations.  Referring  to  the  same  Q-GERT 
network  the  mission  generation  rate  governs  the  flow  of 
transactions  from  mission  generation  Nodes  105,  for  C-l4ls, 
and  205,  for  C-5s,  back  to  themselves. 

These  three  particular  aggregate  factors  were  chosen 
because  each  represents  a  particular  stress  on  the  system  and 
a  demand  on  a  resource.  The  unscheduled  maintenance  rate  fun¬ 
nels  aircraft  transactions  through  the  maintenance  complex 
causing  delays  and  requiring  manhours  for  service.  The  cargo 
arrival  rate  creates  a  demand  on  port  man  hours  for  unloading 
and  port  processing.  There  are  also  storage  expenses  asso¬ 
ciated  with  given  rates  of  cargo,  although  these  are  not  spe¬ 
cifically  modeled.  The  mission  generation  rate  is  a  reflec¬ 
tion  of  the  burden  placed  on  the  maintenance  personnel  to  ge¬ 
nerate  aircraft,  on  the  port  personnel  to  load  them,  and  the 
flight  crews  to  fly  them. 
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Two  discrete  levels  for  each  factor,  PDNMR,  CAR,  and  MGR, 
were  determined.  Table  4-2  illustrates  the  parameters  select¬ 
ed  for  each  level  of  each  factor. 


TABLE  4-2 

Simulation  Experimental  Parameters 


FACTOR 


LEVEL 


VALUE 


PDNMR 

1 

C-5/C-141 

0.2 

2 

C-5/C-141 

0.5 

mean 

sigma 

min 

max 

CAR 

1 

1.5 

0.3 

0.375 

4.5 

2 

0.5 

0.1 

0.125 

1.5 

mean 

sigma 

min 

max 

ute  rate* 

MGR 

1 

C-5« 

6.333 

7.5 

0.0 

30.0 

1.8 

C-141 s 

1.825 

3.0 

0.0 

13.0 

3.2 

2 

C-5: 

3.8 

6.75 

0.0 

2  7.5 

3.0 

C-141 j 

1.168 

2.0 

0.0 

9.0 

5.0 

*  where  the  "ute  rate"  or  utilization  rate  is  as  de¬ 
fined  in  Chapter  III,  that  is,  flying  hours  per  fleet 
aircraft  per  day.  In  this  instance  the  C-5  "Channel 
fleet"  consists  of  i6  aircraft  and  the  C-141  "Channel 
fleet"  consists  of  30  aircraft  as  determined  in  Chap¬ 
ter  III. 


With  the  factors  and  levels  determined  a  series  of  runs 


was  made  with  all  possible  combinations  of  each  factor  at 


each  level.  Table  4-3  depicts  the  run  number  and  the  level 
value  for  each  factor.  The  same  run  numbers  are  used  in  re 
porting  the  results  in  Chapter  V. 


TABLE  4-3 

Computer  Experiment  Cases 


RUN  # 

PDNMR 

LEVELS 

CAR 

MGR 

1 

1 

1 

1 

2 

1 

2 

2 

3 

1 

1 

2 

4 

2 

2 

1 

5 

2 

1 

1 

6 

1 

2 

1 

7 

2 

2 

2 

8 

2 

1 

2 

It  should  be  noted  that  the  cases  do  not  necessarily 
correspond  to  an  actual  real  situation.  In  fact  some  of  the 
cases  may  correspond  to  a  pathological  instance  of  the  system, 
as,  say,  in  case  #8  which  represents  a  high  non-scheduled 
maintenance  rate,  a  low  cargo  generation  rate,  and  a  high  mis¬ 
sion  generation  rate.  One  can  almost  visualize  the  confusion! 
This  is  an  example  of  the  capability  of  a  simulation  model 
investigating  an  infeasible  or  undesirable  system  condition. 


-85- 


Data  Analysis 

Three  iterations  of  each  of  the  simulation  runs  depicted 
in  Table  4-3  were  run  with  a  particular  random  number  seed 
for  each  interation.  The  results  of  these  runs  are  tabulated 
in  Table  5-1 •  The  data  obtained  from  the  simulation  were 
analyzed  graphically  by  plotting  the  results  of  each  case 
against  cases  corresponding  to  different  levels  of  one  or 
other  of  the  factors.  Then  productivity  ratio  indices  were 
computed  for  each  run.  These  were  ratios  of  ton-miles  to  fly¬ 
ing  hours,  and  so  forth.  The  results  observed  by  comparing 
these  indices  are  compared  with  the  results  surmised  from 
the  graphical  evaluation.  The  data  results,  as  well  as,  the 
graphical  analysis  and  the  analysis  of  indices  are  described 
in  Chapter  V — Experimental  Results. 

Summary 

This  chapter  described  the  experimental  design  employed 
to  exercise  the  simulation  model.  Because  of  the  large  number 
of  discrete  factors  involved  in  the  model  a  factorial  design 
involving  three  aggregated  factors,  pre-departure  nonsched- 
uled  maintenance  rate,  cargo  arrival  rate,  and  mission  gene¬ 
ration  rate  was  selected.  These  three  factors  were  chosen 
on  the  basis  of  their  potential  impact  on  the  total  system. 
Eight  distinct  cases  (different  combinations)  of  the  factors 
were  simulated.  The  data  analysis  consisted  of  graphical 
evaluation  and  comparison  of  these  results  with  observations 
from  comparison  of  productivity  indices.  The  results  of  the 
experiment  and  the  analysis  are  presented  in  Chapter  V. 
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V  Experimental  Results 


Described  in  this  Chapter  are  the  results  of  the  simula¬ 
tion  experiments  that  were  conducted.  Described  in  Chapter 
IV,  the  experiments  were  conducted  in  order  to  identify  sig¬ 
nificant  factor  and  factor  interrelationships  impact  on  total 
system  productivity.  The  results  of  the  graphical  analysis 
of  simulation  results  are  depicted  here. 

Simulation  Output 

The  output  from  the  system  simulation  consisted  of  the 
Q-GERT  Analysis  Program  statistical  output,  an  example  of 
which  is  included  in  Appendix  D,  and  the  user  specified  out¬ 
put,  which  is  tabulated  in  Table  5-1 •  It  should  be  empha¬ 
sized  that  the  maintenance  man-hours  and  port  man-hours  are 
not  illustrative  of  actual  values.  In  reality  there  are  many 
activities  apart  from  direct  Channel  mission  support  that  add 
to  total  man-hours.  What  the  values  in  Table  5-1  represent 
are  an  estimation  of  direct  Channel  mission  support  man-hours. 
The  other  values  represent  reasonable  estimations  of  actual 
system  parameters  within  the  bounds  of  the  assumptions  and 
objectives  discussed  in  Chapter  III. 

Data  Analysis 

The  simulation  results  were  plotted  so  that  the  impact 
of  each  factor  and  factor  level  could  be  assessed.  The  cir¬ 
cled  number  refers  to  the  run  number  and  is  situated  at  the 
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mean  of  the  three  iterations  for  that  run.  Note  that  the 
launch  reliability  scale  has  been  translated  in  going  from 
the  base  PDNMR  to  the  high  PDNMR.  Also  the  size  of  the  scale 
for  launch  reliability  was  chosen  to  reflect  the  same  rela¬ 
tive  amount  of  change  in  -the  launch  reliability  index  as  in 
the  ton-mile  output  or  as  in  pipeline  output.  Figures  5-la 
and  b  are  the  plots  of  ton-miles  versus  cargo  arrival  rate. 
Figure  5-la  corresponds  to  the  base  pre-departure  nonsched- 
uled  maintenance  rate  while  Figure  5-lb  corresponds  to  the 
high  pre-departure  nonscheduled  maintenance  rate.  In  both 
figures  the  effect  of  the  higher  cargo  rate  on  total  output 
is  apparent.  At  higher  cargo  arrival  rates  port  levels,  and 
hence  load  selectivity,  are  higher  so  that  aircraft  capacity 
utilization  is  higher.  Similarly,  at  higher  mission  genera¬ 
tion  rates,  corresponding  to  higher  aircraft  utilization  rates, 
total  output  in  ton-miles  is  higher.  Note  that  this  relation¬ 
ship  holds  whether  the  pre-departure  nonscheduled  maintenance 
rate  is  high  or  low. 

Figures  5-la  and  b  also  depict  plots  of  launch  (depart¬ 
ure)  reliability  versus  cargo  rate.  In  either  case  the  cor¬ 
respondence  between  departure  reliability  and  mission  gene¬ 
ration  rate  or  cargo  arrival  rate  is  not  certain.  When  the 
transition  is  made  from  low  unscheduled  maintenance  rate  to 
high  unscheduled  maintenance  rates  the  drop  in  departure  re¬ 
liability  is  evident  and  expected.  With  more  aircraft  need¬ 
ing  unplanned  pre-departure  maintenance  more  aircraft  will  be 
delayed  beyond  scheduled  departure  time. 

Figures  5-2a  and  b  illustrate  the  relationship  between 


TONMILES  (’000,000) 


Figure  5-la  Base  PDNMRs  Ton-Miles 
and  Launch  Reliability  Versus  Cargo  Arrival  Rate 


LAUNCH  RELIABILITY 


Figure  5-lb  High  PDNMR:  Ton-Miles 
and  Launch  Reliability  Versus  Cargo  Arrival  Rate 
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LAUNCH  RELIABILITY 


PIPELINE  TIME  (HRS. 


Figure  5-2 a  Base  PDNMRi  Pipeline  Time  and  Launch 
Reliability  Versus  Cargo  Arrival  Rate 
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LAUNCH  RELIABILITY 


PIPELINE  TIME  (HRS. 


Figure  5-2 b  High  PDNMRs  Pipeline  Time  and  Launch 
Reliability  Versus  Cargo  Arrival  Rate 


LAUNCH  RELIABILITY 


pipeline  time,  cargo  arrival  rate  and  pre-departure  unsched¬ 
uled  maintenance  rate.  It  should  be  noted  that  the  pipeline 
times  are  useful  only  for  the  purposes  of  comparing  different 
model  environments  and  policies.  The  model  values  do  not  re¬ 
late  to  actual  pipeline  times  which  are  typically  several 
times  higher  because  they  include  transshipment  times  and 
more  complicated  interaction.  The  most  obvious  relationship 
noted  from  Figures  5-2a  and  b  is  that  pipe  line  time  increas¬ 
es  as  the  cargo  arrival  rate  increases.  This  should  not  be 
surprising;  as  cargo  arrives  faster  unless  mission  generation 
keeps  pace  the  cargo  will  stagnate.  Note  that  whereas  the 
high  cargo  arrival  rate  is  three  times  that  of  the  low  cargo 
arrival  rate,  the  high  mission  generation  rate  is  not  quite 
twice  the  lower  rate. 

In  figure  5-2a  there  appears  to  be  no  relationship  be¬ 
tween  the  pipeline  time  and  departure  reliability.  Similar¬ 
ly,  in  Figure  5-2b  it  is  seen  that  while  high  unscheduled 
maintenance  rates  lengthen  the  pipeline  time,  the  departure 
reliability  index  improves  in  one  instance  and  remains  level 
in  the  other. 

It  can  be  concluded  from  these  experiments  that  under 
the  circumstances  described  and  modeled  the  departure  relia¬ 
bility  index  is  not  a  measure  of  system  productivity.  In 
fact  there  appears  to  be  no  correlation  between  departure 
reliability  and  system  output  in  general.  This  can  be  at¬ 
tributed  to  the  fact  that  departure  reliability  measures  only 
one  activity,  departure,  against  one  standard,  scheduled  de¬ 
parture  time.  This  is  not  to  suggest  that  departure  reliabi- 


lity  is  not  a  worthwhile  goal  but  only  that  it  does  not  cap¬ 
ture  any  of  the  output  dynamics  of  the  system.  For  that 
matter  neither  dies  concentration  on  pure  output  measures. 

In  general  output  measures  indicate  how  much,  or  how  long. 
There  is  no  indication  of  cost  or  general  effectiveness  of 
effort . 

To  compare  the  different  simulation  runs  from  a  produc¬ 
tivity  point  of  view  a  number  of  productivity  indices  were 
devised  and  calsulated  for  each  run,  each  iteration.  The  re 
suits  are  displayed  in  Table  5-2.  The  indices  were  calculat 
ed  as  followss 


INDEX  (A)  = 


Total  Ton-Miles 


Total  Maintenance  Man-Hour 


INDEX  (B)  = 


Total  Ton-Miles 
Total  Port  Man-Hour 


INDEX  (C)  = 


Total  Ton-Miles 
Total  Fuel  Consumption 


INDEX  (D)  = 


Total  Ton-Miles 
Total  Flying  Hours 


INDEX  (E)  * 


Total  Ton-Miles 


(Total  Maintenance  And  Port  Man-Hours) 


Total  Ton-Miles 


INDEX  (F)  = 


Total  C-5  and  C-141  Sorties 
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INDEX  (G)  =  100.0 


Pipeline  Time 
Port  Man-Hours 


INDEX  (H)  = 


Total  Departure  Reliability 
Total  Maintenance  Man-Hours 


INDEX  (I)  = 


(Total  Ton-Miles  +  Total  On-Time  Departures) 

100.0 


The  value  of  these  indices  is  in  comparing  apparently 
equivalent  situations.  That  is,  two  or  more  instances  where 
the  output  is  about  the  same.  By  considering  the  input  lev¬ 
els  or  the  resources  consumed,  together  with  the  output  level 
a  better  idea  emerges  of  how  effectively  resources  including 
man-hours,  are  utilized. 

For  example,  runs  2  and  7  in  Table  5-1  have  comparable 
ton-mile  output.  Run  2  represents  a  situation  in  which  the 
PDNMR  is  at  the  base  rate,  while  both  the  cargo  arrival  rate 
and  the  mission  generation  rate  are  high.  Run  7  represents 
a  similar  situation  except  that  the  PDNMR  is  also  high,  con¬ 
sequently  the  direct  maintenance  man-hour  requirements  to 
support  the  Channel  mission  would  be  higher.  This  becomes 
more  evident  when  the  values  of  index  A,  ton-miles  per  main¬ 
tenance  man-hour,  for  runs  2  and  7  are  compared.  Index  A  for 
7  is  only  seventy  percent  of  what  index  A  is  for  2.  The  si¬ 
tuation  in  run  7  could  be  expected  to  breakdown  over  a  period 
of  time  unless  the  pre-departure  maintenance  rate  could  be 
improved. 

Comparisons  between  other  situations  can  also  be  made. 


There  is  nothing  magical  about  an  index.  The  usefulness  of 
an  index  is  in  putting  complex  situations  into  a  simpler 
framework  for  easier  comparison.  Productivity  indices  may 
also  be  used  for  comparing  the  performance  of  a  single  unit 
over  a  period  of  time.  Integrated  into  a  program  of  sta¬ 
tistical  analysis  the  productivity  index  can  serve  as  a  con¬ 
trol  device  for  initiating  management  action  or  closer  scru¬ 
tiny.  Well  constructed  indices  can  also  measure  inertia  of 
a  system,  how  well  or  how  poorly  the  system  adjusts  to  changes 
in  conditions.  As  such,  a  series  of  indices  could  be  devel¬ 
oped  to  predict  system  capacity  under  given  conditions. 

An  appropriate  set  of  productivity  rates  measures  for 
the  MAC  system  depends  on  both  the  critical  processes  and  MAC 
Commander's  assessment.  For  example,  one  of  the  critical 
processes  of  the  MAC  airlift  system  is  the  generation  of  air¬ 
craft  to  support  mission  requirements.  Therefore,  maintain¬ 
ing  sortie  productivity  ratios  for  particular  channels  could 
point  up  patterns  for  decreasing  actual  aircraft  requirements 
while  maintaining  training  levels  and  ton-mile  output  levels. 

Summary 

Chapter  V  has  presented  the  results  of  the  simulation 
experiments  conducted  as  described  in  Chapter  IV.  The  con¬ 
clusion  from  the  experiments  is  that  departure  reliability 
does  not  track  system  output.  Consequently,  departure  relia¬ 
bility  as  a  system  measure  of  productivity  is  inadequate.  A 
number  of  productivity  ratio  indices  were  described  and  com¬ 
puted  for  each  of  the  runs  and  tabulated  in  Table  5-2.  The 
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indices  can  be  used  for  comparing  instances  with  similar 
output  or  for  comparing  the  same  conditions  with  varying  out¬ 
puts.  As  a  ratio  of  system  output  to  system  input  the  indices 
are  also  useful  for  flagging  management  action  and  attention 
and  in  guiding  management  planning. 


VI  Conclusions  and  Recommendations 


This  study  has  examined  the  MAC  peacetime  airlift  system. 
In  particular,  the  objective  has  been  to  develop  a  measure 
of  productivity  or  rather  an  approach  to  measuring  system 
productivity.  In  the  process  considerable  pains  were  taken 
to  define  the  MAC  system,  its  environment  and  its  system  pro¬ 
ductivity.  A  simulation  model  was  developed  to  study  how 
operations,  maintenance  and  transportation  interact  to  gene¬ 
rate  output  from  the  system.  A  number  of  experiments  were 
conducted  with  the  model  to  examine  what  happens  to  system 
input  and  output  under  certain  circumstances.  From  this  ef¬ 
fort  a  number  of  conclusions  can  be  drawn  and  a  number  of  re¬ 
commendations  can  be  made.  This  Chapter  presents  both. 

Conclusions 

1.  Departure  reliability  is  not  suitable  as  a  productivity 
measure  because  it  is  not  sensitive  to  system  output.  As  an 
effectiveness  measure  it  is  limited  to  the  assessment  of  an 
activity  not  an  output.  Furthermore,  unduly  emphasizing  de¬ 
parture  reliability  actually  works  against  system  producti¬ 
vity  by  neglecting  output. 

2.  The  use  of  indices  to  measure  output  level  to  input  level 
ratios  can  serve  as  a  tool  to  compare  one  unit  with  another 
in  terms  of  productivity.  Additionally,  a  unit  can  gauge  its 
own  productivity  over  a  period  of  time  by  the  use  of  produc¬ 
tivity  ratios.  The  exact  formulation  of  the  ratio  depends  on 
the  situation  at  hand.  However,  a  particular  resource  or 


manpower  shortage  would  suggest  designing  a  ratio  measure  to 
track  output  as  a  function  of  critical  resources. 

3«  The  real  impact  of  productivity  management  comes  from 
focusing  on  productivity  and  the  approaches  to  its  enhance¬ 
ment. 

Recommendations 

The  areas  of  productivity  measurement  and  of  productivi¬ 
ty  management  appear  to  offer  potential  for  exploitation 
by  the  MAC  system  in  general  and  bear  further  investigation. 

By  focusing  airlift  management  attention  on  system  output 
and  the  means  to  increase  this  output  rather  than  on  the  sys¬ 
tem  constraints,  productivity  management  in  MAC  could  open 
new  avenues  for  capability  enhancement.  Contingency  planning 
could  be  improved  if  planning  factors  were  derived  from  es¬ 
tablished  productivity  measures.  In  line  with  this,  airlift 
training  exercises  planned  and  executed  with  an  eye  to  system 
productivity  would  benefit  contingency  planners  and  airlift 
managers  alike  by  pointing  up  the  real  costs  and  limitations. 

Finally,  the  findings  of  this  study  could  be  enhanced 
by  the  inclusion  of  the  return  leg  from  Europe  as  well  as  mul¬ 
tiple  destinations,  in  the  MAC  system  model.  Furthermore, 
by  employing  a  blocking  experimental  design  many  more  factors 
in  the  model  could  be  investigated  and  controlled.  With  more 
iterations  of  each  case  the  results  could  be  analyzed  using 
analysis  of  variance,  statistical  significance  testing  and 
linear  regression  techniques. 
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APPENDIX  A!  OATANAL  FORTRAN  LISTING 


PROGRAM  OAT  ANAL  (INPUT, OUTPUT,  ■A?'  E6=0UTPUT,  T  F5  =1  NPUT  ) 
REAL  DAY  (250)  ,  HCUr.  (25'.’)  ,  e«  VT  (  2*“  )  ,PAX  (293)  ,CU  GO  (  2f  •  )  , 
1BTIM  (25  "^  )  ,  BOEV  (25'.  ),FDIV  (25')  ,°PEV(25':)  fC3P/(  2s?)  , 
2JHOUR(25C),3(il),F(ii),P(?'  2)  ,  E  Cl  i ) 

INTEGER  KB(1C)  ,YF(13),<P  (i  v)  ,^C(iC),HH 
DIMENSION  ACOOE  (■+) 

DATA  ACODE/&HBTWTIMEJ ,  3HFLYTI  » ,  8HPASSNG*  » ,  8  HCARG'J  PD  :  / 
86  READ (5 ,099)  RUNAMt  ,R4NAM  = 

IF(EOF (5  LIN PUT )  .NE.Q.f)  GO  TO 
1  =  0 

SFLYT  =0.3 
SPAX  =  j  ,C 
SCARGO  =  U  *  Q 
SBTIM  =  C  •  3 
SBOEV  =  0.0 
SFDEV  =  O.T 
SPDEV  =  o.r 
SCOEV  =  C. •] 

1  1  =  1  +  1 

READ*,  DAY(I),HOUR(I) ,  FLYT(  T)  ,~»Y(I),CARGOr  I) 

IF(OAY  (D.LT.'.C*)  GO  TO  2 
H  =  HOUR  (I) /I -0.0 
IH  =  H 
HHH  =  IH 

HM  =  (  H  -  HHH)  ♦60.  C 

HOUR (T )  =  H  ♦  HM 

J  HOUR  ( I )  =  DAY  (1)^24.:  ♦  HC'JR(T) 

SFLYT  =  SFLYT  +  FLYT(I) 

SPAX  =  ,SP ex  +  °AX  ( I) 

SCARGO  =  SCARGO  ♦  CARGO (  T) 

GO  TO  1 

2  1=1-1 

A  =  FLOAT(I) 

FBAR  =  SFLYT/A 
PBAR  =  SPAY/A 
CBAR  =  SCARGO/ A 
CALL  SORT  (I  ,  JHOUR) 

CALL  S 0?T (I ,FL YT) 

CALL  SORT (I ,PA  X) 

CALL  SO^KX, CARGO) 

CALL  SORT (I ,OA  Y) 

BTIH(l)  =  JHOUR(l)  -  DAY  (1  )♦?  .* 

SBTIM  =  BTIM(l) 

DO  3  J  =  2,  I 

®TIM(  J)  =  JHOUR(J)  -  JHOUR  U-l) 

3  SBTIM  =  SST 1M  ♦  BTIM(J) 

CALL  SORTd.BTIM) 

BPAR  =  SBTIM/ A 
DO  4  <  =  1,  I 

90EVCK)  =  (9TIM(K)-?9AR)  2.  3 
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APPEVPIX  A!  OATANAL  FORTRAN  LIST!  NG 


FDEV(K)  =  (FLYT(K)  -FBAR  )  “  a2  • 

POEV(K)  =  ( PAX  (  K)  -  P3AR )  *  *2  • 

£  DEV  CO  =  (CARGOOO  -  CIA*  )**?.." 

SBDEV  =  SBOEV  4  BCEVCO 
SFPFV  =  SFOEV  4  FD  FV ( K) 

SPCEV  =  SFOEV  ♦  PCEVCO 

4  SCOEV  =  SCO EV  ♦  CDEV(K) 

B VAR  =  SBDEV/ ( A -1) 

F VAR  =  SFOEV/  (  A-l) 

P VAR  =  SFOEV/ (A-l) 

C VAR  =  SCOE  V/  ( A-i) 

910  =  (3TIM  (I)  -  BTIM(l)  )/l", 

F  1C  =  (FLYT(T)  -  FLYT(l)  )/ir.. 

P10  *  (DAX ( I)  -  PAX(1))/1-«C 
010  =  (CARGOC)  -  CARGO(l)  )/l  .*r 
WRITEK  ,  1j  j  ')  I » RU NA M£ ,  R  AN  AM  5 

WRIT  E(6, 10  31)  ACOJE(l)  ,lcAF,'mr,STlM(l)  ,3TI  HI)  ,F3  J 
WRITE (t  ,10  31)  ACOOEt?)  ,  F  FVA“,  FLYT  ( 1 )  , rl Y" ( I)  ,  FI . 

WRITE  (f  ,10  01)  ACODE(3),P9A  F,PVAr,PAX(l>,  34/(1)  ,?i: 

WRITE  (F  ,1JC1)  ACOQ  E  K  )  ,C  cA  r,  0  VA  r  ,  CAP  GO  ( 1 ) ,  f  4  RGO  ( I ) ,  Cl  S. 

9(1)  =  3TIM  (1) 

F  (1)  =  FLYT(i) 

B(11  =  PAX  ( 1) 

0(1)  =  C  ARGO  ( 1 ) 

DO  5  L  =  2,  11 
9  (L)  =  3  (L-l)  ♦  31  0 
F  (L)  =  F(L-l)  4  FI  C 
P  (L)  =  P(L-l)  4  PIC 

5  C(L)  =  C(L-i)  4  C1C 
00  7  M  =  1,  10 

K  B(M)  =  0 
KF(M)  =  0 
<P(M)  =  C 
7  KC(M>  =  0 

no  e  N  B  If  10 

DO  8  NM  «  1,  I 

I  F(9TI  M(  NY)  .GE  •  3(N)  »AN0»  37  7M  ( *'M)  •  LT  »B (N4l) ) KB ( N)  =  KB(N)  4  1 
IF(FLYT  (NM)  ,GE  .F(N)  ,AhO.  F!  >7  (  M)  .  LT.F  (N  +  ll  )  Kc  <  N  )  =  KF  (N1  4  1 
IF(PAX  (NM)  ,GE#P(N)  .ANC.P  !X(*H  >.LT.P(N4l)  )<F(  ()  =  <F(N)  ♦  1 

IF(CAnGC(NM)  ,GE.C(  N)  .^MD  ,C  JPG')  (NM>  ,LT.C(NU)  )  *C(N)  =  KC(N)  4  1 

6  CONTINUE 

WRITE  (  3 , 10  C  2)  (K,K=1,10) 

WRIT£(6,lCu3)ACC0E(l)  ,  (K  3(  *)  ,N  =  1,  10) 

WRITE  (0,  If  C  3)  A  CODE  (?)  ,  (  K  F  ( N)  ,  N  =  1 , 1C) 

WRITECf  ,1jJ3)AC00E(3),  (KF(H>  ,‘>=3  ,10) 

WRITE (f  ,  10  0  3)  A  COOE  (•♦) ,  ( <  C  (  M  ,  '  =1 , 1C) 

GO  TO  88 

C  *»*#♦•«.,**  FORMAT  STATEME  )TS  ******%** 

99?  FGRMAT  (2A1 J ) 

1019  FORMAT  (1H1, 12X,  13,"  TR  AM  SAC  II C  NS  CBS ERV:  P/”,  2Ai': , // ,7X, 
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APPENDIX  At  DATANAL  FORTRAN  LISTIfG 


1"  'VJAMTITY  AVERAGE  VAR'ANCE  HIN-VALJE  MAX-V.'LUE 
2T  HM) 

1171  FOPMAT  5X>  A  8 , 3X ,  F7. 1  ,2  >,  F  ?2.  i  ,  3X ,  F8 . 1,  «:X ,  F  8 . 1 , 2X ,  F6. 1) 

1012  FORMAT  <  1H?  ,  29X  t  “FEEQUE’IC  T  EAT  :**, // ,  20X  ,  1  *»(  3Y,  12)  ) 
iCT  3  F CRMAT  (lH!1  j  9X»  A8»2Xtl&  (2X»  13) ) 

99  CONTINUE 

STOP  "END  OF  PROGRAM** 

END 


L 


RTEN 


I 


5*  TRANSACTIONS  OBSERVED /C  -5  CJS-FUR)  MAX  RAG 


QUANTITY 

BTWTIMEt 

FLYTIMEt 

PASSNr'p* 

CARSOPO: 

9TWT I MEi 
PLYTTME* 
PAS3NGpt 
CARS3PP1 

51 

QUANTITY 

BTWTIME* 

FLYTIMFt 

PASSMGR* 

CARGOPOt 

BTMrTMF* 

FLYTIME* 

PASSNGRI 

CAP30P0I 


AVERAGE 

VARIANCE 

HI  h 

-''ALUE 

MAX-VAL  U£ 

*?T  ENT  H 

13,3 

113.  « 

.4 

37.5 

3.7 

7.6 

.  2 

6 

.3 

6.7 

.2 

26,1 

6b3«  6 

0 

.3 

*4.0 

7.4 

55860.2 

187181992. 9 

i 

9165 

.0 

99795.0 

8963.1 

FREQUENCY  DAT  / 

1 

2 

3 

4 

r 

6 

7 

f  9 

1G 

15 

7 

9 

5 

5 

4 

4 

2  3 

2 

1 

U 

2 

1J 

8 

71 

d 

1 

1 

2C 

6 

4 

3 

7 

3 

3 

3  2 

5 

1 

2 

4 

18 

14 

12 

G 

U  1 

n 

TRANSACTIONS 

OESERVFD/D  -5  CE 

IR-US)  MAX 

R<l  G 

AVERAGE 

VARIANCE  MI 

r-VALUE 

MA<-\/4LUE 

RTFNTH 

12.6 

155.  4 

•  3 

56.0 

5.6 

9.6 

.  6 

8.3 

12.2 

.4 

29.6 

751.4 

0.0 

7t.O 

7.4 

51221. F 

391934316. 9 

o.c 

393  3  7  •  J 

9986.7 

FREQUENCY  D  AT  A 

fM 

*4 

3 

4  5 

6  7 

6  9 

10 

22  13 

9 

4  5 

4  1 

t  0 

1 

6  6 

15 

16  12 

2  0 

?  0 

r 

2u  6 

5 

3  5 

i  4 

1  3 

n 

4  3 

0 

4  9 

22  16 

C  0 

2 
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2?"  TRANSACTIONS  OBSERVED/!  41  (U'-FUR)  MAX  RNG 


QUANTITY 

AVERAGE 

VARIANCE 

MI N-VALUE 

max-value 

RT  ENT  H 

BTWriME* 

3.8 

12.  e 

.0 

15.6 

1.6 

FLYTIMFj 

7.3 

1.  5 

4.7 

1C.  3 

•  6 

PASSNGR* 

7.7 

285. 7 

8.0 

85.  G 

6.5 

CARSOPC* 

31199.7 

126562322. « 

0.0 

>  fr 28  2.o 

5428.2 

FREQUENCY  □  4?  t 


1 

2 

3 

4 

3 

6 

7 

E 

9 

IP 

BTWTTmfj 

76 

40 

21 

ly 

I7 

12 

8 

r 

*♦ 

4 

fly^imei 

21 

13 

2 

13 

52 

f  7 

11 

2 

7 

11 

PASSNGP* 

■  150 

24 

4 

5 

4 

2 

3 

2 

3 

C 

CAR50PD* 

5 

6 

16 

11 

17 

'  3 

46 

34 

13 

6 

19? 

TRANSACTIONS 

OeSERVED/141 

( E 

IR-US) 

MAX 

RNG 

quantity 

AVERAGE 

VARIANCE 

MI  V 

-VALUE 

MAX- 

VALUE 

KTENTH 

9TWTIME* 

4.0 

17.  2 

•  C 

21.6 

2.2 

flytime* 

9.3 

2.  2 

5.8 

11.9 

•  6 

passngr* 

9.3 

149.  8 

O.C 

32.3 

6.2 

CARSOPO* 

25583.8 

747  34449,  2 

0.0 

3  7  73 1. D 

3770.1 

FREQUENCY  0  AT  l 

1  2 

3 

>♦ 

5 

6 

7 

8 

9 

10 

9TWTIME* 

86  43 

21 

19 

9 

5 

5 

r 

2 

1 

FLYIIMEI 

1*  12 

0 

3 

24 

33 

35 

39 

21 

8 

PASSNGP* 

110  51 

16 

5 

4 

2 

1 

1 

1 

C 

13  18  56  65 
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CARGO°D* 


o 


4 


8 


4 


Appendix  B 

Q-GERT  Code  Listing  of  Airlift  Model  Network 


APPENDIX  Bt  Q-GERT  COOP  LISTING 


GEN 


PI  CHARO,  THESIS  PROGRAM,  2,  1-  ,1B  *•?  ,  15 ,2 , 9?9  ,  *  2“  .  t ,  1 ,  F ,  ? ,  7" 

I,  34K92?i  2,2  3^  912  2AE  P  ,  4,  96/-  8  2rl'-  57* 

C,  5i.?o3b26fc4  ,e»  734->15CM9,:’  ,T8  *r  26  5832, 8  ,  SS 1  ?  3£  2s  56 » 

3,  28557354977,12, 35443773  <33  * 

13,0,  i';  .  oisj:int  NETWORK 

10 ,11, CO, 24. 0* 

II, 1,  l* 

11.1,  UP,  12* 

11, 1*1,  Co,'].  O' 

5fl,9,l»  PORT  NETWORK 

"0,cO,NO»l* 

1,  1.0,  1.  5  ,0.25*  O/RG  ARRIVAL  PARAMETERS 

SO  ,6a* 

E4/TRKOFFLO* 

34.1,  NO, 2* 

2,3.12,5.1,3.4,1.12*  CARGC  WEIGHT  PARAMETER* 

"4  ,56,UP,13,  ,i:* 

,1, 1, r* 

rS  *63  ,3C,  1.3,  (3)  5. £6* 
fJ,l,i* 

GO ,  2 ,  CD , 141, 1»UF,14* 

OO ,61,70,0,0* 

f-i /LD AS  M1.41 , 3-, 7  ,  ,B,  (3)  F* 

*1 *62 ,U  F , 15* 

52/LOAOnii.i,  (10  )  i2j* 

92.1,  UP,’.* 

05 ,73,00, 1, a, (C ) 0.34* 

70,1,1- 

73 .2,  CO,'  ,i,UF,  1-,* 

70,71* 

7i/LD4FM‘  ,9,9,,3,(9>F* 

’l  ,72, UF,  IT* 

"!'2/L  OAR  0r, (19)22  C* 

72,1, UF,^* 

tC«,C»l*  C  "14  1  generation  network 

190,10?, CO, lt'.O* 

135,1,1,0, M* 

1H5, 1, CO,  1*1,2,  IN, 1,4, NO,  3*  C-i  1  MISSION  PARMSTER  ASSIGNMENT 
3,7.3,4.7,10.3,1.2*  C  -14  1  rL>  ING  TIME  PARAMETERS 

10r,  105  ,NO, S*  C-14!  MISSION  GENFRUOR 

^,3.3,<j.0,lS.b,  3.61  C-141  TNTEROEPAPTHp-  PARAMETERS 

135,100, CO, e.o* 

10  5,12“  «CO,12.C* 

156/F  U2L01M* 

106, 115, HF, 3, (7)10* 

110,1,1* 

110, 3, UF, IE* 

110,11^,00,0.0^ 

11  6/ACrTLCQ,  (10  )123* 

120,  ASM,,  e/1,  ,02,115* 
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APPENDIX  Bt  O-GERT  CODE  LISTING 


ACT 
OUE 
RFG 
V*3 
ACT 
C'J‘ 
VA? 
M  A  r 
REG 
ACr 
PEG 
Acr 

act 

SOJ 

act 

PEG 

VAS 

PAR 

act 

PAR 

ACT 

ACT 

OUE 

ACT 

REG 

VAS 

ACT 

OUE 

SEL 

ACT 

OUE 

REG 

VAS 

ACT 

OUE 

VAS 

MAT 

REG 

ACT 

REG 

ACT 

ACT 

REG 

ACT 

STA 

VAS 

ACT 

STA 

VAS 

ACT 


120, 121, UF, 5, (7)  10* 
121/ACr”01Ai  ,  (1  ‘J  )  1 
525,1,1* 

12  5,5  ,UE,  1* 

12  5 » 1 22  »  CO, 0 .0* 
128/CREWOli.l,  (11)130* 

128. 4, UF , 6* 

130,2,128/131,121/131* 

131.2.2,  (7)3/4* 

131,132, UF, 7* 

132,1,1  ,c* 

13  2, 14 j  ,  (3)  C.8* 

13  2,1,  (  •)  0.2* 

208,0,1* 

’or, 20:;, co, 20. ti* 
?05,l,l,*i,M* 

’0  5,1, CO,  5, 2,  IN ,1,4  ,NO,5* 
r>»  7, 6  ,  -i  •  2  ,  ?  •  7 , 0  •  45* 

20 5,23;  ,NO,E* 

A,  13.  3,  P.  A,  37.5,10. 7* 

2C5, 235,00,7.0* 

?C5, 223 ,00,12.0  * 
2Cfc/FUELQ5* 

OAT  O  i  ^  l«r  T  /  —  \  4  <\  ■ 

u)  vy  c  u  )  v  r  j  «j  )  \  /  /  iv' 

210,1,1* 

21 C  ,  3  ,  'J  P ,  1G  * 

2ir,?15>* 

’15/ACCTL  C05 , ( I  0 )  220* 

22U,  ASK,,  E/1,  ,7  2,215* 

22P,  221 » 'JF,5  » (7  )  1C" 
221/AC- TC5, ( 10) 2  2 J* 
225,1,1* 

225. 5,  UF,  1* 

225,228* 

228/CREWC5,  ( l'J)  230* 
228,‘*,UF,6'' 

°3  0,2, 223/231, 221/231* 

231.2.2,  (7)3/-* 

23 1 , 232 , UF, 7  * 

’3  2,1 ,1 ,  p* 

23  2,  2'*  ^  ,  (3)C.e* 

23  2,1,(3)  0  *  2* 

1,1,1,=*' 

1.2,  (8)0. 2* 

?/ ENGMX , 1  ,1,0,5* 

2,  3, CO,  1J 
1,3,(3)C.2* 

3/HYDRMX, 1,1,0, 3* 
3,3,00,2* 

!,*»,  (3)  :.i* 


C  -14 1  PREDF’T  O.R,  RATE 
C  “14  1  PREDEPT  NO'ISCMFD  MAI  NT  PAT 
C-5  FENERATION  NFTW3PK 


2  *5  MISSION  PARA5pTE%  ASSIGNMENT 
C-G  HYING  TIME  5 AR ANETEF  SET 
C-5  M  ESI  ON  GENEUn* 

C  -3  3 NT  ERDEPARTM?  E  PARAMETERS 


C-5  CRF  DEPT  O.R.  RATE 

C-5  FprD EPT  NCNS:hc3  MAIKT  PATE 

MAINTENANCE  NETWORK 

ENG!:  E  MAINTENANJF 


HVDR'UIIC  MAINTENANCE 


ELECT**!  C /AVIONICS  MAINTENANCE 


APPEMOTX  B*  Q-GEfiT  COOE  LISTING 


ST* 

VAS 

ACT 

STA 

VAS 

ACT 

ACT 

ACT 

ACT 

CUE 

ACT 

STA 

ACT 

STA 

ACT 

PFf, 

VAS 
ACT 
RE  3 
ACT 
STA 
ACT 
STA 
ACT 
ACT 
STA 
VAS 
ACT 
OUz 
ACT 
RES 
ACT 
SIM 
ACT 
STA 
ACT 
RES 
VAS 
ACT 
RF3 
ACT 
STA 
ACT 
STA 
ACT 
ACT 
STA 
ACT 
VAS 
ACT 


*/ELECTPMX,  1,1,0,  B“ 

,  3 ,  CO  , 

t,r,  a) :  .5* 

E/CTHERMX, 1,1,0  ,  B* 

F, 3,CO,4* 

2.6, C0,  C.P* 

3. 6,  CO,  0.  P* 

4  ,  f;  ,  C  0  f  v‘  •  (>* 

5»6.,CO,f.C* 

F/M INORMX* 

G, 7,UF,  2,  (7)  i',¥ 
7/SYSTMMX,i,l,F,I* 

’,132,  (9)  Al.  £0.  1 «:  1* 
14C/SYSTK14i,l, 1,0,1* 

me,  i4i ,  co,  c.c* 

14  1,1,1* 

1'4 1, 3  ,U  F  ,  8* 

14 1. 142  »  UF, 9* 

142,1,1  ,F* 

142.143  ,  CO,  f.  .  J,  <°)  A3.EG.1* 

J  4  3/0 NT  C.  141,  1,1  ,0,1* 

142,144, CO, (B)A3.GT.l* 
144/LATE141,  1,1  ,D, I* 

143,145* 

14  4,145  * 

!4  5/PDST141»l»i,D,I* 

14  5, 3,  UP,  1* 

145,80, AT, 4* 

AO/OFFLOO* 

,81,UF,13, (7) 10* 

C1,1,1,F* 

*1  ,65  ,UF  ,  11 ,  <9>  Al.EQ.14io  C-141 


’ CTH  ;R**  MAINTENANCE  P  EQUIPMENTS 


C-14  1  CELAY  statjs  DETERMINATION 


C-14  1  FLIGHT 

KEST'UP  port 


TO  NESTEUR 
N£TNOR< 


•5  /SIN<1  !»l,  1 ,1 , 0 ,1* 

7, 232, (°) Al. EO. 5* 

24  0/SYSTIMEE ,1, 1,0,1* 
24C, 241* 

241,1,1* 

24i,3,UF,e* 

241,242 »UF,9* 

242,1,1, f* 

?42,243,  (9)A3.rQ.i- 
24  3/0‘ITIHEf  ,1,1, 0,1* 
242,244,  <9)A3.GT.l* 
244/L  AT  EC f,  1 ,1,  f)  ,1* 
243,245* 

244,24** 

24E/P9ST 5  ,1,1,0 ,1* 
?4F,60, A  T , 4  * 

24P,  3  ,<JF,  1* 

?i  ,S4  »UF, 11 , (9) A1.EQ.5* 


C-l 


MISSION  REPDFT 
•  1  MISSION  t?ANSACTION  SINK 


C-S  rcLflY  STATUS  OET£  RilINATION 


C-5  FLIGHT  TO  WESTEUR 
C-S  MfSION  REPORT 
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APPENOTX  81  O-GEkT  CODE  LISTIMG 


SIM,RO/SIN*Tf  itl»0,S* 
PAR, 10, ,0.5, 3. 5"* 

PAR, 11, ,0.5, 2. L3* 

PAR,  12,, C. 5 ,2.5  0* 

PAR, 13t,C.P ,2.50* 

PA?, 14,, 0.5 , 1.75* 

PAR, 15, ,0.5,2.:)* 
PA?,16,,'3.-:,l«b3* 

PA?, 17  ,,3.3  ,2.0c4- 
FIN* 


C-5  -IGSION  TRANSACTION  SINK 
C5  ENCIME  MAI  NT  P!  RAM  ITERS 
C5  HYrpfULI  C  MX  >A’4K£TES>S 
C*  EL EC'0*AVIONIC;  MX  PARAM  ET  ERS 
C5  MOTHrR**  maintenante  PARAMETERS 
CHI  'NT-INE  MA1NT  PARAMETERS 
CHI  ‘-YOkAULIC  MX  PARAMETERS 

cih  el^ct c* avionics  mx  parameters 

Cl  41  *0THER'*  MAINE  FNAMCE  PARAMEi SRS 
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Appendix  C 

FORTRAN  Code  Listing  of  User  Program  Inserts 


( 


( 


APPENDIX  Ct  PROGRAM  INSERTS  F3RT°AN  LISTING 


APPENPTX  Cl  PROGRAM  INSERTS  FOP  TP  /N  l  If  TING 


°I  PE 

PIPTIME 

TOEG 

TC5 

TO  141 

TFLY 

TFtlEL 

TMXwr 

TNOW 

TONMILE 

Tpmhr 

TRW141 

Tp  WE 

TWM41 

TW«F 

Tw  lt*i 

TWE 

«JF 

UTF1L1 

UTES 

NESDEL 

WGTU7E 


AVERAGE  PIPELINE  TIME  FOP.  RU* 
PIPELINE  TIIT  F O’  ONE  MISSION 
Q-GEPT  VARIABLE  —  NOT  USED-- 
TOTAL  CAkGO  AIU  F’ED  B Y  C-B 
TOTAL  CARGO  ATPL'F’  BY 

total  pun  flying  time 

TOTAL  RUN  FLEl  CCN'UMPTION  (I/'LLCNS) 

total  rum  mat. ►  a.nc e  hours 

O-GEkT  VAPIAPLE  fCF.  P.  7  1) 

TOTAL  PUN  T  CN Ht Lr  S 
TOTAL  PUN  PORT  H  INHOURS 
TRANSFER  WEIGH  'F  C-1C1  LOAO  TRX 
TRANSFER  NEIGH  *F  C-i?  LOAO  FRY 
TOTAL  RUN  C -1 • 1  A PrI VALS  IN  NESTE  UN 
TOTAL  RUN  C  ARRIVALS  IN  WESTEUA 
LOAD  WEIGHT  A  fOU  -‘Ul  AT  ION  VAP-C-U1 
LOAD  WEIGHT  ACCUMULATION  VA^-C-T 
FUNCTION  NAME 

AVERAGE  RUN  C  -IV  CAPACITY  UFTL* 
AVERAGE  R  JN  C  CAPACITY  UTILISATION 
TONS  OF  CARGO  M  "LIFTED  TO  WESTEUR 
WEIGHT  UTIL  17 ATI  cn 


X  X*  XXX4XXXX*  *  **-.x»  x-X 

-  TRANSACTION 

xx**x*x*»xcASTUS  =  E  ASTERN  U.S.  FOP  " 
xx«xx*x**xwESTEUR  =  WESTERN  EU  TO  FEA'  FORT 

«♦»**«  »**«X’»x--*xX*X4**X«»4X*xx*y 

»-i  »  y  *.*  X  »»<*«*  v  * 


COHMON/OVAR/NOE,NFTBU(3^  1)  ,MP  -KS.00)  ,  NREl3  (  ~  )  L  )  ,N“EL2  (E0  1 )  ,Nt>UN, 
INRUNS,  NTC  (B  OO)  ,PARAM(1U!;  ,4)  ,T  ^Fr.,TNOw 
30KM0N/USEP/EASP0PT ,IE0CUMT ,  I  'aACNT,ESTNOL,  W"  30  EL , K, L , TW1 v 1 , 7W5, 
1TRW1a1,TRWG  , T 0 N  ,  Pi  PE,  T  WA  B,  TWA  1M,  T MXHR , T*< HR,  TFUEL,  TFLY ,  UTEL  , 
2UTE141 ,IP,TC5, TCl^l 
REAL  UN 

OIMENS ION  ATT ( 3  ) 

GC  TO  <1,2,2,-,E,£,7,G,9,1  C,11,12,n,14,l:,ii)  ,IFN 


x*  -•-*  *  *■* 


•  ** xxx * 


.**>♦(  44»»  *  XX 


4/44**444»»F*'’«*  +  .f»* 


xxxx  xxxxxyp 


1  RETURNS  VALUE  Oc  TNOW  FOR  UF 

4 V  Jl  »4  X  4f»44*44*44»r4H<l*44 
***  X r 4 4444444 XX* XXXXXX X 


1  UF  *  T NOW 

RETURN 

XX  X »  X  m X  XX M  *4  X  x  XX*  4«t  *  XX* XX X*  *»  «  r  a«x  *»  4444444*4)  4  "*«♦>»• 

xx«x xxxxxx(jp  2  DETERMINES  MAINTENANCE  SERVICE 
xx»xxxxxx»TIMES*  CF.  TEXT  P.  7  5  •»♦«■**♦«* 

XX4XX  X4  XX  X  XX  •  *X  X  *4X4444«  XX  **  i»x  X’  »xxX**XvX,x«X*Xxa* 


44  *x  X  |4>4  444444  44)  4  1444.44 


APPFSOIX  C*  PPCGRAM  INSERTS  FORTRAN  LIFTING 


2  IMXTYP  *  GATR°  ( 3) 

IF<GATfr<?(l)  .EQ.E)  GOTO  1“ 

GO  TO  (22,23,2A,2r>  .IMX7YP 

22  UF  a  U N ( i'» ) 

THXHR  a  TMXHR  ♦  UF*3.t: 

RETURN 

23  UF  a  JN  (ID) 

THXHR  =  TMXHR  ♦  UF*2.3 
RETURN 

2*  UF  *  UN  (If) 

THXHR  =  TMXHR  ♦  UF*1«0 
RETURN 

25  UF  a  UM(17) 

THXHR  =  THXHR  ♦  UF*2.C 
RETURN 

TP  GO  TO  (  32,  33,3*r,35)  ,IMXT  Y^ 

32  UF  a  UN  (IP) 

THXHR  a  TMXHR  +  UF*3.C 
RETURN 

33  UF  =  UH(ll) 

THXHR  =  THXHR  ♦  UF*2,C 
RETURN 

34  UF  a  UN  (12) 

THXHR  =  TMXHR  ♦  UF*1,0 
RETURN 

35  UF  a  U N ( 1 3 ) 

THXHR  a  TMXHR  ♦  UF*2.G 
RETURN 

44444*4  44444**  444 4#*4444*44»4#  4  4  4«  4  mr***»ft.***  *  4*4  * 

+  ,4  . "  4*  4444+ 444 n,  a  *.44444  4 

*******«*»UF  3  DETERMINES  FUELING  SERVICE 
m,*,x4444TT^  AND  TOTAL  FUEL  NE  E^S,  P,  72  *,»  «*•.*■*** 

•4*4  4*4  44**4  4  444*  44*4444444*  *r  -,■** 

**4  4  *»**«  +  4»  *•"  *4*  44  4  44*44**4*4  **  >4  4  *<  4444  4  *4**4 

3  FTIM  a  GATRR(i  ) 

IF(GATP9(1)  ,EO,E>)  GO  TO  At- 

UF  a  (FTlHM.i  ♦  1.2S)  *C  •*!  P5 
TFUEL  =  TP'JEL  ♦  UF*33l 33 
TMXHR  a  THXHR  ♦  UF  +  3.0 
RETURN 

AO  UF  *  (FTIM-1.1  ♦  1  •  25)  * G  .1  125 
TFUEL  =  TFUEL  ♦  UF*3pf,0". 

TMXHR  *  TMXHR  ♦  UF  ♦  L.O 
RETURN 

■  4*4  *  4*44  HU  »«  4 »  4  44  «  4  444  xr  r.  i  *%  4  -r  4  4 

*4444/ 444444*4  44444*4444444*44  4*"  444  *«*  4  4444  44*  4*  4  e  4  «  #44  4 

4»«4*44»*4(jc  ..  US  ED  TO  PASS  WEIGHT  f:F  CARGO  4* 

4«44* >4  44 4 q£j mg  ONLOACED  TO  AI  '.CRAFT  tr»x  FOR  *'””•+** 
444444444-imCLUSION  IN  TRX  ATT  RI  FJT  :S.  P.  72 

44  444**444444  444  4  444  4  44*444444  4'  44  4  >4*  4*4444444444444444 


A°PFNf*IX  C*  PKOGRA M  INSERTS  FORTRAN  LISTING 


»*  <**  *  *  **  «*»«  #4. *  *  «  4  *  *  ♦  ♦  *  • 

4  IF(GATR3<2)  .£Q.S>  GOTO  46 
CRG141  =  GA  TR9  ( 1) 

CAT  i+1  =  TMARK(IOUM) 

UF  =  C.C 
RETURN 

0RG5  =  GATR9(  1 ) 

CAT5  =  TMARK(IOUM) 

UF  =  0.3 
RETURN 

♦  ♦•  *********  *4  *********  *****  **  ♦  »  <»  *  **********JM*T***J»»» 

♦  *  *  *  **  *  ♦***•*  J»  *****..■ ********  .»  H-r**  ***********  *»  *i,  ***-r-*  4 

**********  ,jc  5  USED  Tn  SET  a  IRC"  /FT  T  r'X  ATTRI  -  »*♦****•♦* 

♦  •♦•■‘'♦♦♦•BUTE  *6  EO'JAL  TO  C  Ak  GO  W  E  ~  G  HT  ,  P.72  *»*'-**♦•■*“ 

***«  *»***»»*  *  »*«*  **  v  ********  **  **  4J-*  ***  *  *********  ii  «  Hi.**  *  » 
f«M*M«t44>».4«<x»44»ty44H<«>  '**  *•***********>***-*** 

5  IF(GATEOd)  .EO.S)  GOTO  Of 
CALL  PATP8 ( CRG 1 4i «  6) 

CALL  PATRB(CAT1A1.7) 

EASPORT  =  "ASSORT  -  CP.G141 
UF  =  CFG141  ♦  0.06 
TPMHR  =  TPMHR  +  UF*2.C 
RETURN 

5?  CALL  PATR3(CRG5,8> 

CALL  PCTRD(CATG,7) 

EASPORT  =  EAS®ORT  -  CFG? 

UF  =  CRG5  *  J.3e 
T PMHR  =  TPMHR  ♦  UF*2.CJ 
RETURN 

**  **  *******  %*r.  ***  **.  ********  «y  iii  s««  *r*********fHi*t*m 

************** *^* *************  *4  ***  *r****  *********  ***** 

**********Uf  USEQ  xo  PASS  CREW  SWCW’IHE  TO  ***-'♦»■♦•♦* 
**********AIpCRAcj  TRANSACTION  FCs  hTLUSION  •  ♦•-♦»•*♦* 

♦••♦♦♦♦♦♦♦IN  ATTRIBUTE  SET.  P,  ?  2,  »**,.***  »** 

****  *************  ***************  »**■■**** ********  *•***■*■*) 

********************  **********  **  ***  ************  *  ******* 

6  IF(GATRRd)  .En.O)  GO  TO  So 
Z SHI 41  =  GATR9  (5) 

UF  *  1 .  n 
RETURN 

5€  CSH5  =  GATROts) 

UF  ♦  0.3 
RETURN 

*******  **  ********  *************  «>  -  *  »  *y  **********  *\  ****** 


*****  *****\jf  7  US-D  T0  SE7  AJ7GP  fFT  ATTRIBUTE  t  a-.. ******* 
***********  r  fnuAt  TO  AIRCC£W  S MOW* I  he,  P.72  ♦*♦••*•»♦• 
****************************** **  ***  ************  ******  *  * 
********************  **********  *4  i  A*  **  *********4  *  4  ****** 

7  IF(GATR3d)  «E0,5)  GO  TO  Bl 


APPc^niX  Cl  PROGRAM  INSERTS  FORTRAN  LIFTING 


CALL  PATR8<CSH1>1,5> 

UF  =  1.5 
RETURN 

SI  CALL  PATR9(CSH5,5) 

UF  s  2.0 
RETURN 

r-K.  -■».  »  **>****************.** 

**  *  *  ***  ****.*  -,****  **.*  ********  *■»  *«  it*  *»  *****. *  *****.*****  *  v 

**«*****4*ljF  g  USED  TO  DETERMINE  VI-TTME  OR  ********** 
**«*******LATp;  STATUS  OF  AIRCRAFT  T  X  OEPAn.-  *#♦-*****» 
**********  Type  #  P,7  2  **»«***.,** 

*****************  ************  ***^;*»  *^*********rt-'#„*<l** 

*****  ***************  **********  **  ^*  **************  *««»***» 
e  UF  =  i,T 

IFCTNON.GT.  (TMARK  (IDUM)  4  15.'))  UF=  2,1 
RETURN 

**************  *****4  **********  *.  >.**  *»•  ********  *<*«  J.  4  *-:  +  . 

********************* *.  ******  **  *r  ••»«*  *..  **<*****«  *.***..*  IT 

****** *«*»,,F  q  ye rq  JO  SCHEOUL  ?  AIRCRAFT  HE-  *«**■*«**-*■ 

**********  o^pTURES  RASED  ON  DELAY  S'AtUC.  p.  72*?  *-****** 
************.«  **************  ***.-  »»  *  *.*  ********.■»******.>*» 

*«»***•*»*«•*****  V**  *i.*******  »  *»  ->**  *»***»*****#.*»***:;*» 

9  IF(GATF9<?)  .GT  .1)  GOTO  ’1 

UF  =  T M A RK ( T9UM)  ♦  15.5  -  TNO V 
RETURN 
*1  UF  =  o.: 

RETURN 

************  ********  **********  v****  *-  ***********/:  «4#*«* 

*»*»**■♦****«  .  *4-*  **  +  ********  **  **  **  *  *.•*****♦***»*.•■•  *4  ***  4 

*  *  *  *  *  *****  yp  1C  USER  TO  COMPUTE  AIR  'RP  FT  OFF-  **  «****-»* * 
**********L0.r,  scpVIst  7IMc  \Nq  TO  LPnATE  TON  *»*******«• 
**********0FLIVEpY  TOTALS.  P.7!  *,*,*..*»** 

******* ****r.  * *******. *********  * <r  i*«  *"**♦**♦ ************ 
****************************** »****’  ******************** 
IS  UF  *  G ATF9 ( 6)  *  0.05 
7*  I WACNT  a  IWACNT  ♦  1 

WESDEL  =  WESOEL  ♦  GATRD ( 6) 

TFMMR  =  TPM  HR  ♦  UF*2.f; 

RETURN 

*******  *****  **#****..  **********  «*  J-*  *  *»  *********(******** 

************  *  ***»**!>  ***,****  **  «»  ,*  *  *.  ***********  •:  »«  *v  *  . 

*****  ***»*uf  11  USED  AS  MISSION  r£P'RT  CENTER  *»*-**♦*■*« 
**********  FOP  AIRCRAFT  ARRIVING  AT  VECTEUR  •»*.»***** 
******»«**AN0  UPDATES  OVERALL  FA  RAM  'TERS.P.73  *•*'*•*-** 

**«*«««  **»**^  ******  »*** ******  *»..**  *  r-  **********  ******** 

9*** **************** **********  *****  **  ******  ***********  * 

11  MSNNO  a  GAT PR ( 2) 

ITYP  a  GATk9(1) 

ARRTIM  s  GATRR  (  3)  ♦  GATR  3<  A) 

CRUOAY  *  TNOW  -  GATR3(5) 


APPENDIX  Ct  PROGRAM  INSERTS  FORTRAN  LISTING 


PIPTIME  *  T NOW  -  GATR8(7) 

IF(GATRB(1)  GO  1 3  -r 

TONMILE  *  GATE  1  (6)  MGATR  =  (  A)*  2*-.7d  -  17A.7R) 

WGTUTE  =  GA7R3 (0/32.2 
UTE141  =  UTEl^i  ♦  WGTUTE 
TWAiM  =  TWAl«‘i  +  l.G 
TC141  =  TCI  41  +  GATR3<6> 

GO  TO  76 

75  TONMILE  *  GATRP^JMGATRPf  i-S.93  -  la*. 66) 

TC5  =  TCO  +  GATR8<6> 

WGTUTE  =  GATR3  (L)/bv.:> 

UTE5  =  UTE5  f  WGTUTE 
T  WA?  =  TWA 5  ♦  1.0 

76  TON  =  TON  +  TONMILE 
PIPE  =  PIPE  +  PIPTIME 
TFLY  =  TFLY  <-  GATR"<h) 

IF(IP.GT.l)  GO  TO  77 

WRITEU,  1S»C,;)ITYP.MSNN'I,  TS  CW,  :A'RB(3>  ,  AkRT  IM,  GATE  ?(  *,  )  »  GAT  R  B (6 )  , 
1WGTUTE, TONMILE, FIFTIPE,C RUOAY 

10  03  FOPNAT  (1H  ,  IX,  13,  IX,  I*,  3  (1  >,  .  1  )  ,  2<  IX  ,  F'».  1) , IX, Ft . 2, IX, Ff . i, IX, 

12 <F5 • 1 ,  IX)  ) 

77  CONTINUE 
UF  s  n.L 
RETURN 

»»  ***  *;<  *41***,.**.  *4  4  *  *  **_**  * 

******* *«* 4'  -1*  * 

*******4.**,jr  12  USE3  TO  GENERATE  PORT  REPORTS  *'*•'*»  *»m 
****  ******ANO  TO  REINITIALIZE  FORT  CAT  AMETERS  ♦*****♦-*« 

**¥*  ******  0»j  ;  DAILY  BASIS.  ?,  *,  ***** ■*** 

»*4+»44*,«  »*>»♦  ************  -•».****,.** 

12  I  CAY  =  TNOW/24  .  J 
IECOUNT  =  n 

estnol  =  0. c 

WESDEL  =  C.O 
IWACNT  =  P 
UF  =  n.r 
RETURN 

**  **  *  ***¥•****■»******»*♦*♦»*»**  4  *  *¥  *  ar  11  4444444*4  «  *«t:  «A4  4 

•  *4»  *  *****  **-«  *4«*44  4M44444M*  4*  4**  •»**  **  4*44  4.  *»*.’. *  «4*a4 

4*4,*,*»,4l)F  13  COMPUTES  TRUCK  C^LCA"  SERVICE** r  ***»*♦« 

*TIMES  ftN0  UPDATES  POTT  LE\.EL  DATA.  **«~*4*«** 

44»M»»*Jr4D,  73  *4*  4  *4*.i4» 

**  «**444*44,<  4444444  44*4*44144  *»  44*  ********  4  **«  .-*  :4*»/,r 

444,4  **44,4,  *  »  ******  **********  ,r  >44  *,  **********  «<*.*  4 

13  IECOUNT  *  IECOUNT  «•  1 
ESTNDL  *  ESTNOL  ♦  GATR3(  1) 

UF  *  GATRB(l)  *  0.16 
TPMHR  *  TPM  HR  ♦  UF*i,C 
RETURN 


124 


APPENDIX  C*  PROGRAM  INSERTS  FORTRAN  HATING 


4*4444**4*  ■»****  *.<i«f4*****«|  **444->4* 

4*  9  4*  44  *«  *  *»  *  *  4*4  **-■  »-r44*  4**  *  V-  *  *  *  v  *  *  .,*  **..*  ***..»*  *  *  >  «--»«■* 

*«4**«44»*i)r  14  USED  TO  ACCUMULATE  DISCRETE  *»  **4*4*4* 
PUCK  LOADS  INTO  FLAM  LO^Ft  FIVE  *4*44*44*4 


4*  »**.■»****  p3  p  C-1“1S  ANO  NINE  FOF  C-^S.  P,  73  »*t'*«4**» 

«i  r  |i  «  •  4  **«*  f  4*  M**t'  *1  -•,**  JC.  r  ***»*  **..*.*.'  -f.,4V4v4K 

4*  ***  ■ 44 4 4 44444* ** 4 « * M 4 4* * 


14  IF(GATRR<2>  .ED  .5)  GOTO  63 
K  =  K  ♦  1 

IF(K.LT.6)  GO  TO  82 
K  =  1 

TW141  =  O.C 

82  T Wi 41  =  TWi^i  ♦  GATRR(l) 

FASPORT  =  E  ASDQRT  +  GfiTREd) 

IF(K.EP.5)TRW14i  =  TW141 
UF  =  SATRR(i) 

TPMHR  =  TPMHR  +  1,3 
RETURN 

87  L  =  L  ♦  1 

IF<L.LT.1C)  GC  TO  84 
L  =  1 
THE  a  C.O 

84  THE  *  THE  ♦  GATPO(l) 

EASPORT  =  EAS°ORT  G A T R  B  (  j) 

IF(l_  *EQ*9)  TRW i  =  TWE 
UF  =  GATRB(l) 

TPMHR  =  TPM  HR  ♦  1#  3 
RETURN 

*****h^»*4^<^*-  .*«♦».  «  *  4^-44*  •  *  *  **  »*  *  4*  r 


4*  »*  4  **  ***4.4  *  «.  *>  4  44.it  *4*  4  44  4*  s*4  4P  4  <.4444*444  4  *4  444*' 

♦•********UF  IE  USED  TO  ASSIGN  LOAD  WEIGHT  TO 
*«4,44**44loAD  TRANSACTIONS  THAT  WILL  RE  LOAD-**'  ’»***'*44* 

44444  .-4444  £0  ONTO  AIRCRAFT.  °.?3 

44 *4 **4 444** ? 4444444 * *4 *4*4* 4* 4*  ;»♦  * ^  4  4  4*44  4 4  4*  * 4  *  4  4,4 4  4 

.  44444444444*  4  *  44  44  4*  4  444  44  4*44  »4**9  4  4»-444  4444*4*’t4*»  4-44 

15  IF(GATRP<2)  .EO.5)  GO  TO  V. 

CALL  P A T RB ( TRW  1  <.  1 . 1 ) 

UF  *  ?.5 

TFMHR  a  TPMHR  ♦  0.5 
RETURN 

8«  CALL  PATP3(TRWiJ,l) 

UF  s  3.? 

TPMHR  a  TPMHR  ♦  3,5 
RETURN 

44444*44*444  4. -•  44  *  44  .‘4  44  4  44444*  *».«4  *”444*444  *4»**4***4« 


44*  44  *4  4444*  r  •'44  4  4**  ' 


s  »  .  *  4 


4” 444444444. *.4***4* 


**********  ijF  16  U3E0  T0  GENERATE  "0  LMf'Y  LCA  OS"*'  ***  *  *+** 
*»*****»**RA  Sc0  ON  PORT  LEVEL  -VJT  L  CAr  SELECTI-* 

*****«*«**VITY.  P.73  4*4..****** 


44444*4444***  - 


4*  *44 


4»  4  *4*  *44*  »'  4*  *  *  ***  * 


125- 


WJIU'IJJ  (HU  ■ 


APPENOTX  Cl  PROGRAM  INSERTS  FO.RTR/N  LISTING 


*4  44  JM-.  *> 


if  ATT (1)  =  C. 0 
ATT  (•'*)  =  0.0 
ATT<*)  =  C.O 
ATT (6)  =  G.fi 
ATT(7)  =  9.0 
IF(GATPS(1)  »  EO  ,  I> )  GO  TO 

53  IF(NR~L<62) .GE.l)  GO  TO  9E 
IF(NREL(61)  «EO,C)  GOTO  9F 
I  E°  =  NPEL(Ri) 

DP  94  NK  =  1,  IEP 
ATT  (2)  =  141.2 
ATT  ( 3)  =2.0 
K  =  K  +  1 

94  CALL  PTIN(:3i,  1  .  3,  TNOW.AT  T) 

TRW141  =  TWitl 

95  UF  =  r.o 
RETURN 

9*  IF(NREL<72>  .GF.l)  GO  TO  ?° 

IF(NREL(7l)  .En.v)  GOTO  9t> 

IEP  =  MR  EL  (  71) 

DO  97  NL  =  1,  IEP 
A  TT (2)  =  5.3 
ATT ( 3)  =  2.0 
L  =  L  ♦  1 

97  CALL  PTIM71,:  .C,7N0W»ATT) 

TPWfJ  =  TWS 

98  UF  =  J.n 
RETURN 
END 

n...*****.*  4r  1  4.*  .««(4>.^4xrr.  4  »  +.  *  4  * 

44**4  44  4444k-**4*M«4«*44*44»4**  *.«.« 


*****»*#**-3UP!,OUTINE  UI  I  USED  TC  I^T’IALITE 

*******  *»*7ARIA3LES  INTERNAL  TO  F'JNTJONUF  AT*»  *  +  **  *'•  *■  * 

*****  *44*»th  p  BEGINNING  OP  EACH  FUN  ,  nr*.:***.*. 


»«:■*.  4  4  r  . 


•  *  HM  *  4*  4 


444***44444*-*. 


I  ...  ...  44  4  .*44*44*444  **-»■*  .4  4**4 


SUBROUTINE  UI 

CCHMON/OVAR/NOE,NFT9U(TG  1)  ,NREL(50G)  ,NREL9(51t  )  ftJPFL2(5  0)  ,IPUN, 
INP.UNS f  NTC (5  in')  ,  P A  < A H ( 1 J 3  ),H  EO  »  TNOW 
CCMMON/USEP/EASPORTflEOOUHT,  I’vACMT  ,ESTNCL,  ME  SC  EL  ,  *,  L  ,  T  Wj  *i,TWC, 
1TRW141  ,TRW-j,TON,PIPE,  TWAG,  TNA  tA« ,  T  MXHP,  TP4  H.i,  1  FUEL.  7FLY ,  UT  ?.J , 
2UTE141 ,  JP,TC3,TC1A1 

«4  *4  *4*4-4- 44  444*44444*44*4  «**4  4  *»#.4*»4<*»**  *  M  • 


1*444**4  »*  if.* 


4.  4  4  44  4  44*»*  4*44  4-‘  V  * 


44*4**44*4  MISSION  REPORT  P  RT  NT  OPTION 

44*4444*44 

**•4*44444  IP  =  1  I  Fp  1NT 

**********  IP  >  1  I  NO  PR  ’N” 

********** 


4 

4*44 
444*44  4*4  * 
4*444444*  * 
44  44*4444  » 


126- 


APPENDIX  Cl  PROGRAM  INSERTS  FDRTP.  t't  MATINS 


«*«.*.»»»*»*«** x  ***.«*«  IMM  £« 

4*tll«X4  44ii4(4H444««4<l«*44f««4  ¥*  -***  *x  *  ♦  +  «.»+«*  4f  «  *  *  ^  •  ¥ 

IP  =  1 

TCP  =  G.O 
TC141  =  0.0 
EASPORT  =  0.4 
K  s  n 
L  =  3 

W6S0EL  =  0.C 
IWACNT  =  0 
IECOUNT  =  0 
ESTNDL  =  H.3 
TW141  =  o.: 

TWP  =  C.O 

TRW141  =  Q.C 

TRWS  =  t.O 

TON  =  p.o 

PIPE  =  0.0 

TEA  =  0.0 

TWA5  =  •'.0 

TWA141  =0.3 

TMXHR  =  3.0 

TPMH.R  *  C.C 

TFUEt  =  0.0 

TFLY  =  0.0 

UTE5  =  fl.p 

UTE141  =0.0 

IF(NRUN.  ED.  1)  REWIND  7 

WRITE  (6*  103  0) 

100?  FORMAT (1H1,  "  A/C  MSN.  R  raT  DEPT  APR.  FLY 

1  PIPE  CREW*  , / , 2X,  "TY  F  MM*.  TIME  Tt*?  TIME 
?  MILES  LINE  OAYS"  ,  /,  2X,  i3'"====  =  *,> ) 

RETURN 

END 

******  *#¥•*•»#*»■  #***»*■  |r  >x  ■*  J»  •  *»4>««4i4i  V  >  A-  *  *  4 

♦  **»*+**»»SUQtf,oUTINE  UOt  USED  TO  COMMUTE  AVER-’1* “  '  *****  * 

+  RUN  Pt  RAMETEPS  FC=  LV'NOH  RELI  A-** *'- *<*■*•>  « 

****  *  '***"  8ILITY,  CAPACITY  UTI  LI  7A  T  I  CM ,  A^Q 
*^********oAFrLINc  T  I  VE?  .  AS  WELL  A"  "O  PRINT  *'  *  •-*  + *-?  a-  • 
********»*Ol'T  VALUES  OF  RUM  ?A  Rf  ^ET”0**  OF  IN-  « 

♦*K**'****TEPESTi  TOTAL  TONNILES  ,A'f  tF’GE  PIPE-*1  *  '•**  *■>■** 
*******  ***LIN'  TIME,  OVERALL  LAUNCH  Rr  LI  A-  *r '**»  *•**  * 

♦*********s:lity,  total  maintenance  manhours,  ***«••••■»• 
**********t0taL  PORT  MAMHOUPS,  T  CT  A  l  rUEL,  T  0-**  x*  1,;**“* 
•*******<'^  TAL  FLYING  TIME,  AVERAGE  rA  ^ACITY  *•**♦•*♦** 
********** UT I L 17 A TI 0 N  VALUES,  TOTAL  ATRCkAFT  ♦**-♦*'**** 
*** * ******A^PIVALS,  ANO  TOTAL  TONS  CARRIED  *»•♦***♦*** 
****»****»SY  EACH  AIRCRAFT  TYPE.  **  *  »■•**  ***  •> 

,..*.4,44  4  4,4M„,4  ,,  ~x  *  **♦♦*****♦-*♦*«•***♦♦» 


FLY 

TIME  TIM 


¥  n  *  *  4U4 


**■  +  -•*«  . 
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APPENDIX  Cl  PROGRAM  INSERTS  FORTIN  LISTING 


m*  ** *«***«*(  **  *4.##** 


SUBROUTINE  MO 

COMMON/OVAR/NOE,NFTeiJ<->3  0)  ,NR'L  f  5  ii  3)  ,  NREL*  (  5  3  T  )  , NPEL2 <50  0 > ,  NRUN  , 
INRUNS,  NTC(B  .I)  ,  PAnAMTlK;  ,4),T  EEGjTNOW 
COMMON /USER/EA  SPORT,  I  ECO  UMT,mArNT,ESTNOL,  WES  D  EL,  K,L,TWi'iJ  ,TNE, 
1TRW1V1  ,  TRW?,  TON,  PIPE,  TNA  3,  TWAi  M  ,  TMXHR  ,  T  P4  H’,  T  FUE  L,  TFLY ,  UTc , 
2UTE141 ,  TP,  TC5,  TC1-.1 

*4*44*  **********  *«►***  »>*4******JM»*-*4+;!x.* 


»*444**4*4***.J!***4*  .>**.♦*****  *♦  •*  4**»*r#* ********  -.-<*»*  +  ** 

I  PxE DEPARTURE  MCNSCHFDULED  "**'•'••*»*-■** 

********** j^TEMANC E  RATE 

**********  ******  ********** 

**********  C.)R  ,  CARGO  ARRIVAL  RAT-  ***••-.*,**** 

**********  ******  ***.-.***,.** 

**•«.«*****  MGR  I  MISSION  GENERA TIO  I  ''ATE 

«*■<*****«***»*  ******  ««*****.  **-<«  *  *  *  *'  **  **•**..<  .«**.'  .a*  4**  4" 

***t  *  4*4**  ********************  **.  ***  *• 


REAL  PDNMP. ,  CAP  ,  MGR 
PDNMR  =  1. 

CAR  =  2. 

MGR  =  F, 

A  =  FLOAT(NTC( 1A3) ) 

B  *  FLOAT (MTC (143) ) 

C  *  FLOAT  (NTC(2-M)  ) 

D  =  FLOA  T  <N  TC ( 245) ) 

REL5  =  C/O 

R  EL  141  =  A/O 

RELO  =  CA  +  0/(9  +  0) 

PIPE  =  PIPE/(TWA5  ♦  TWA  1 i- 1  > 

UTEO  a  (UTEy  ♦  UT  f  14 1)  /  (  TW  Ar  <  ',WA14l> 

UTE141  =  UTEiLl/TWMl-41 
UTE3  =  UTE3/TWAE 

WRITE (P  ,3000  DCNMR»CAR,  MS  F,  T 'M,  PIPE,  RELP,  RrL 141 , RELO , UTEE , UTEl^l, 
1TMXHR,TPMHR,TFUEL,TFLY,T  W\r,T  VAJ4i,TC5  ,TCIC  1 
3C0f  FORMAT  (lHl,3X,"RUh  RECAP  t"  ,/,  <Y , "PDNMrl  =  “  ,  c 2 .  j  ,4X,  "C  AP.  =  ",F2.L, 
15  X»"MGR  a  **,F2  •  l,/,1X,"T  CNKL  ES  =  ",1U  X ,  EL  J  .  3  ,  / ,  IX ,  "PIP*  LINE  TIME 
2a  ",  9X.F6.2,/,  iX,"C-5  OFPT.  'EL.  =  " ,  luX,  F  5.  3  ,  / ,  1 X  ,  "C-JNl  0EP7.  R 
TEL.  a  ",  8X,F:- .3,/,lX,"0  \E  FALL  PEPT.  k£L.  =  ",  OX  ,r  . 3, /, IX , 

4"C-5  CAPACITY  UTE  =  ",  8 X,  F3.  :y /, 1X,“C-14L  CAPACITY  UTE  =  ”,  6X,F5 
F.  3,/, IX,  "TOTAL  MAI  N  HA  CM  F?  -  ",  IX,  F7.  i, /,  IX  ,  "TOT  *L  PORT  MANHOUR 
GS  =  ",  IX, ^.1  ,/,  IX, "TOT  AL  p,J  'L  <  GALLONS)  *  ",  5X, Ell. ?»/, IX, "TOTAL 
7  FLYING  TIME  =  ",  3X,F’.  1,  /,  1  >,  "TOTAL  C-*?  ARRIVALS  =  ",  -/jF'^.C,/, 

81X, "TOTAL  C-lsi  ARRIVALS  =  ",  ?v  ,  F4.  j  , /, i< ,  "TOT^L  TONS  3Y  C-5  =  ", 
o  1X,F7.1,/,1X,  "TOTAL  TONS  FY  C-*Ai  a  ",  i<,F?.i) 

IF(NRUN.EO.NkUNS)  REWIND  7 

RETURN 

ENO 
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Appendix  D 

Sample  Q-GERT  Analysis  Program  Output 
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VITA 


c 

Philip  A.  Richard  was  born  on  11  December  1948  in  Nashua, 
N.H.  He  graduated  from  Sacred  Heart  Preparatory  School  in 
Pascoag,  R.I.  in  1 966.  H.e  attended  Providence  College,  Prov¬ 
idence,  R.I.  from  which  he  received  a  Bachelor  of  Science  De¬ 
gree  in  Chemistry.  He  received  a  commission  in  the  United 
States  Air  Force  upon  completing  Officer  Training  School  in 
January  1972.  He  completed  navigator  training  and  received 
his  wings  in  May  1973*  After  completing  C-130  upgrade  train¬ 
ing  at  little  Rock  AFB,  Ar  he  was  assigned  to  the  772nd  TAS, 
463rd  TAW,  Dyess  AFB,  Tx.  During  his  five  years  at  Dyess  AFB 
he  served  as  a  C-I30  navigator,  instructor  navigator,  and 
flight  examiner  as  well  as  Wing  command  post  duty  controller. 
He  entered  the  School  of  Engineering,  Air  Force  Institute  of 
Technology,  in  August  1978.  He  is  married  to  the  former 
Denise  I.  Archambault  of  Nashua,  N.H.  He  and  his  wife  have 
two  sons,  Christopher  and  Kevin. 

Permanent  address  1  13  Hanover  St. 

Nashua,  N.H.  03060 
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